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FOREMORD 
This  report  is  the  Final  Report  summarizing  the  work  performed on Phase I1 
(development  phase)  of  NASA  Contract  NAS 12-579 entitled  "Research  Directed 
Toward  Perfecting  a  Design  for  a  Space  Qualified  He-Ne Laser," covering  the 
period  July 1968 to  January  1970. This report  was  prepared  by  the  Electron 
Dynamics  Division of Hughes  Aircraft - Torrance,  California.  It  describes 
work  performed in the  Laser  Department of the  Research  and  Development 
Laboratory,  headed  by  Dr. A. Stevens Halsted.  Mr. William P.  Kolb was  the 
principal  investigator on the  program  and  served as the  Program  Manager. 
Dr. William B. Bridges,  Department  Manager  of  the  Laser  Department  of  the 
Hughes  Research  Laboratories - Malibu,.  California, was  Program  Manager of 
this  program  during  Phase I (design  phase). 
All  the work  performed  under  this  contract  was  administered by  the  Chemical 
Physics  Branch,  NASA - Electronics  Research  Center,  Cambridge,  Massachusetts. 
Dr. Philip L. Hanst,  Branch  Chief,  Dr.  Roy A. Paananen and  Dr. W. Horace 
Furumoto,  Staff  Members,  were  the  principal  technical  representatives  for 
NASA  during  both  phases of this  program. 
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SECTION I INTRODUCTION 
This  document  summarizes  work  performed  by  the  Hughes  Aircraft  Company, 
Electron  Dynamics  Division  for  the  National  Aeronautics  and  Space 
Administration  under  Contract  NAS-12-579,  "Research  Directed  Toward 
Perfecting  a  Design  for  a  Space-Qualified Laser." It is  intended  to 
cover  the  results of the  contractual  study  performed  in  Phase  11. 
Phase I is  covered  in a NASA  Report  "Design  for a Space  Qualified 
Laser - Oral  Presentation  Data,  which is a  summary  of  the  pertinent 
data  presented  verbally  by  Hughes  personnel  to  NASA/ERC  personnel  at 
Cambridge,  Massachusetts,  on 1 February 1968. 
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The  objectives  of  Phase I are  briefly  outlined  below: 
ITEM 1: Perfect a design  for  a  space-qualified  laser  in  accordance 
with  the  general  specifications  (see  Appendix B). This  shall 
include,  but  is  not  limited  to,  the  following: 
a. Calculations of the interaction of all critical 
parameters. 
b. Laboratory experiments intended to support calculations 
of  critical  parameters. 
C. Literature  review. 
d. Investigation of the state-of-the art in commercial 
lasers,  including  foreign  ones. 
e. Visits  to  NASA  centers  for  elucidation  of  the  spacecraft 
configurations  and  environmental  conditions. 
f. Visits  to  universities  or  non-NASA  government  laboratories 
for  information  exchange  purposes. 
ITEM 2: Upon  completion  of  Item 1 an  oral  presentation  and  review 
will  be  held  at  NASA/ERC',  Cambridge,  Massachusetts.  Four ( 4 )  
copies of all  pertinent  data  shall  be  made  available  to  the 
contract  monitor  one  week  before  said  review.  This  shall 
include  a  set  of  design  specification  requirements  which  meet 
all the  performance  environment needs, and a  list  of  materials. 
The  objectives  of  Phase I1 of the  program  are  best  set  forth  in  the 
Statement of Work: 
"The  Contractor  shall  supply  the  necessary  personnel,  facilities, 
services,  and  materials  to  accomplish  the  work  set  forth  below:" 
PHASE I1 
Item 3 
Modify  the  design  perfected under  Item 1,  to  comply  with  the  several 
specifications  outlined in Exhibit A, attached  hereto  and  made  a  part 
hereof  (included  as  Appendix 3). 
Item 4 
Upon  approval by  the Contract  Monitor  of the design developed  under 
Item 3,  and  in  accordance  therewith,  fabricate  four  laser  plasma  tubes, 
two  power  supplies  in  packages,  and  laser  mounts.  This  fabrication 
shall  include,  but  is  not  limited  to,  the  following,: 
a. 
b. 
C. 
d. 
The  operation  of  these  laser  plasma  tubes  in  the  so-called 
"burn-  in"  mode. 
The  performance  of  environmental  testing on subassemblies 
and  the  complete  unit  to  establish  the  design  in  accordance 
with  Exhibit A .  
The analysis  and  correction of failures  occuring at any  point. 
The  generation  of  sufficient  and  adequate  documentation o 
permit an orderly  transition  to  the  subsequent  procurement 
of  fully  space-qualified  lasers. 
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e. The  implementation of special or separate  testing of critical 
items  in  the  laser  design.  This can include  cathode  life  tests 
on dummy  tubes,  assessment  of W damage to  internal  mirrors 
in test  fixtures,  etc. 
Item 5 
Upon  completion  of  Items 3 and 4, an oral  presentation  and  review  will 
be  held at NASA/ERC, Cambridge,  Massachusetts.  Five (5) copies of all 
pertinent  data  shall  be  made  availab’le  to  the  contract  monitor  one week 
before  said  review. This  shall  include  all  the  documentation  generated 
on the  program  as well  as a cost and delivery  schedule  for  possible 
future  procurement of fully  space-qualified  lasers. Two of the laser 
packages  developed  and  tested  under  this  contract  shall  be  delivered 
to NASA/ERC at  the  time  of  the  oral  presentation  and  review. 
Item 3 of the  Statement  of Work, as  given  previously, has  been  fulfilled. 
The modified  design  of  a  Space  Qualified  Laser (SQL)  required  under Item 3 
is presented  in Section I1 of  this  document.  The  results of special  tests 
and  evaluations  of  critical  items of the  laser  design  are  covered  in 
Section 111. 
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SECTION I1 
SPACE QUALIFIED  LASER  DESIGN 
I n  t h i s  s e c t i o n  are p r e s e n t e d  t h e  d e t a i l s  o f  t h e  laser design developed 
under  the  present  cont rac t .  This  bas ic  des ign ,  which  was presented a t  
the  end of  Phase I has  been  mod i f i ed  to  inco rpora t e  the  r e su l t s  o f  t he  
s p e c i a l  tes t  and evaluat ions which are documented i n  S e c t i o n  111. 
1 
A. DISCHARGE TUBE DESIGN 
The c o n s t r u c t i o n  d e t a i l s  of t h e  metal-ceramic d ischarge  tube  are shown 
i n  F i g u r e  11-1 along wi th  the  opt ica l  cav i ty  suppor t  and  ad jus tment  
s t ruc tu re .   Th i s   des ign  i s  b a s i c a l l y  t h e  same as p r e s e n t e d  a t  t h e  e n d  
of  Phase I except  for  the modif icat ion of  the cathode and output  mir ror  
as d i s c u s s e d  i n  S e c t i o n  I1 o f  t h i s  r e p o r t .  A prototype  discharge  tube 
of t h i s  des ign  has  been  f ab r i ca t ed  wi th  no  unexpec ted  d i f f i cu l t i e s .  The 
items shown in  F igu re  11-1 a r e  named i n  Table 11-1 and a r e  d e s c r i b e d  below. 
High  puri ty  A1203 i s  used  fo r  t he  ce ramic  bo re  0.  The a c t i v e  b o r e  
dimensions  for   the  prototype  tube  are  10 i n  by 1.5 mm i . d .  The bore 
is  m e t a l l i z e d   a n d   s e a l e d   t o   t h e   i n t e r n a l   b o r e   s u p p o r t  @ and  the 
end  bore  supports @ and@ The cathode vacuum j a c k e t  @ w i t h  
ends @ and @ form a gas   reservoi r   wi th   approximate ly  350 cm3 volume. 
The ca thode  cons is t s  of  two processed tantalum cyl inders  @ with  end 
caps. @ s l i p p e d   i n s i d e   t h e  vacuum envelope @ . A d i e l e c t r i c  s e p a r a t o r  
@ made of  A1203 ceramic i s  h e l d  i n  place by t h r e e  s t a i n l e s s  s teel  p ins  
@ which are h e l i a r c e d  t o  t h e  c a t h o d e  vacuum j a c k e t  c y l i n d e r  @. 
The anodes  of  th i s  dua l  d i scharge  des ign  a re  formed by the  snouts  on  
the  f l ange  adap te r  @' which  extend  into  the  bel lows @ a t  each end 
of   the  discharge  tube.   Each  bel lows is  b razed  to  an  adap te r  r i ng  @ 
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Figure 11-1 Metal-ceramic tube cross sectional view. 
TABLE 11-1 Legend f o r   F i g u r e  11-1 
1. 
2. 
3. 
4 .  
5. 
6 .  
7. 
8. 
9 .  
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28.  
29. 
30. 
31. 
Prism Holder 
Mirror Support  
Brewster's Angle Reflectance Prism 
Mirror  Mount Re ta ine r  
Getter Feed Thru Assembly 
Cathode Vacuum J a c k e t  
Ceramic Bore 
D i e l e c t r i c  S e p a r a t o r  
I n t e r n a l  Bore Support 
Pumpout Adapter 
Hel iarc  Flange Adapter  
Bellows Adapter 
Bellows 
Cavity Support  Cylinder 
Output Mirror Holder 
Mirror  Clamp 
Output Window Assembly 
Mirror Support  Retainer 
I n s u l a t o r  
P r i s m  Clamp 
Adapter End Cap 
Cathode Bore Support 
Separa tor  P in  
Pinch-off Tube 
Flange Adapter 
Adjusting Mirror Support  
Output Mirror 
Output Window Flange Adapter 
Cathode End Cap 
Processed Tantalum Cathode 
Cathode Loading Spring 
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LOCKING 
SCREW 
0 
72 THREADWINCH 
COARSE ADJUSTMENT INSERT 
lUTPUT WINDO 
Figure 11-2 
OUTPUT MIRROR 
MIRROR RETAINER SPRING 
Detailed  view of  differential  screw.tuning mechanism. 
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which is, i n  t u r n ,  h e l i a r c e d  t o  t h e  f l a n g e  @ brazed  to  the  me ta l l i zed  
ceramic bore.  The  vacuum envelope i s  completed by the pr i sm  holder  0 
and  the  output  window assembly 0 . The Brewster's angle   pr ism @ 
is he ld   mechan ica l ly   i n   pa r t  @ by a clamping  mask-spring a. The 
o u t p u t  m i r r o r  @ i s  a l s o  h e l d  m e c h a n i c a l l y  i n  t h e  m i r r o r  h o l d e r  @ 
by a clamp @. 
Electrical  c o n n e c t i o n  t o  t h e  g e t t e r  i s  made through a ceramic feed- 
th rough  insu la tor  @. The vacuum t i p o f f  @ is  made by pinching  the 
copper vacuum pump out  tube .  
B. OPTICAL CAVITY DESIGN 
The o p t i c a l  c a v i t y  s u p p o r t  s t r u c t u r e  i s  shown i n  t h e  c r o s s  s e c t i o n a l  
drawing i n  F i g u r e  11-1. I t  c o n s i s t s  o f  a s i m p l e  bery l l ium  cy l inder  
t h a t  is  2.50 inches  in  d iameter  wi th  a .125  inch wall  thickness  and 
13.50  inches  long. The  vacuum envelope @ is  h e l d  r i g i d l y  t o  t h e  o p t i -  
cal  cav i ty  suppor t  cy l inde r  @ wi th  a l a y e r  o f  p o t t i n g  compound suit .-  
a b l e  f o r  u s e  i n  s p a c e c r a f t .  The m i r r o r s  a r e  h e l d  r i g i d l y  w i t h  respect 
t o  t h e  o u t e r  c y l i n d e r  by a d j u s t a b l e  mounts  (See  Figure 11-2) .  The 
m i r r o r  h o l d e r  a s s e m b l i e s  a r e  h e l d  i n  t h e  a d j u s t i n g  m i r r o r  s u p p o r t s  
v i a  i n s u l a t o r s  @ , n e c e s s a r y  t o  a l l o w  t h e  o p t i c a l  s u p p o r t  s t r u c t u r e  
to  r ema in  a t  g round  ( ca thode )  po ten t i a l  wh i l e  t he  mi r ro r  ho lde r  f loa t s  
a t  anode   po ten t ia l .  The ad jus t ing   mi r ro r   suppor t  @ is  pos i t i oned   w i th  
respect t o  t h e  s u p p o r t  s t r u c t u r e  e n d  p l a t e  by d i f f e r e n t i a l  screw mech- 
anisms. 
0 
@ 
The cavi ty  suppor t  tube  is he ld  ove r  t he  cen t r a l  4.00 inches in  an 
aluminum mounting bracket which is  dip brazed to  the bot tom and one 
side  of  the  laserlpower  supply  package.  This  mounting  bracket  provides 
both mechanical support and a the rma l  pa th  to  the  hea t  s ink  ( spacec ra f t ) .  
8 
. .  
The o p t i c a l  cavity is b a s i c a l l y  a l o n g  r a d i u s - f l a t  c o n f i g u r a t i o n .  The 
output   mir ror  27 has a s p h e r i c a l  r a d i u s  o f  200 c m  and is  coa ted   fo r  
1.0% transmission a t  6328 61. A coated Brewster's ang le  ha l f  p r i sm @ 
is used  fo r  t he  h igh  r e f l ec t ance  f l a t  mi r ro r .  The prism also provides 
t h e  p o l a r i z a t i o n  r e f e r e n c e  f o r  t h e  beam. The mir ror  spac ing  is  33 cm. 
0 
C. POWER SUPPLY DESIGN 
The d e t a i l e d  d e s i g n  o f  t h e  laser power supply is  presented  in  another  
NASA Repor t . .  The prototype power supply  which was cons t ruc ted  dur ing  
Phase I o f  t he  p re sen t  con tac t  has  been  t e s t ed  to  ve r i fy  th i s  des ign .  
I n  a d d i t i o n ,  t h i s  u n i t  h a s  b e e n  l i f e  t e s t e d  f o r  o v e r  5,500 hours  with 
a b s o l u t e l y  no problems. 
1 
Figure 11-3 shows a block diagram of  the dual  power supply which i s  made 
up o f  t he  fo l lowing  seven  subc i r cu i t s :  
Con t ro l  l og ic  
Cur ren t  r egu la to r  
DC t o  dc  conve r t e r  
High v o l t a g e  f i l t e r  
Current  sensing 
S t a r t i n g  c i r c u i t r y  
Telemet ry  moni tor ing  c i rcu i t ry  
With  the  except ion  of  the  s ta r t ing  c i rcu i t ry  and  te lemet ry  moni tor ing  
c i r c u i t r y  no major design changes or addi t ions have been made except  
fo r  t he  use  o f  MIL Spec or e q u i v a l e n t  par t s .  These changes are d e t a i l e d  
be low. 
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Figure 11-3 Block diagram of SQL power supply. 
1. S t a r t i n g   C i r c u i t r y  
The i n i t i a l  s t a r t i n g  c i r c u i t  d e s i g n  employed a s i l i c o n  c o n t r o l  r e c t i f i e r  
which was switched allowing a capac i to r  t o  d i scha rge  th rough  the  p r imary  
o f  t he  t r i gge r  t r ans fo rmer  to  p rov ide  the  s t a r t i ng  vo l t age  pu l se  to  the  
anode  of   the  discharge  tube.  However,  SCR's are not   genera l ly   space  
approved  components. A design  change i s  be ing  cons idered  to  replace 
t h e  SCR with a t r a n s i s t o r  s w i t c h i n g  c i r c u i t .  
2.  Telemetry 
S tandard  te lemet ry  outputs  (0 - 5 VDC) are  provided for  monitor ing both 
anode vol tages  and currents  as  w e l l  as the package p r e s s u r e ,  l a s e r  
temperature and l a se r   ou tpu t  power.  The fol lowing  changes  or   addi t ions 
have  been made i n  t h e  t e l e m e t r y  c i r c u i t r y .  A s o l a r  ce l l  w a s  tes ted  and 
found t o  h a v e  s u f f i c i e n t  o u t p u t  t o  u s e  a a laser output  power d e t e c t o r .  
The c h a r a c t e r i s t i c s  o f  t h i s  s o l a r  c e l l  are shown in  F igu re  11-4. An 
o p e r a t i o n a l  a m p l i f i e r  c i r c u i t  t o  p r o v i d e  t h e  0 - 5 vol t  t e lemet ry  output  
i s  shown i n  F i g u r e  11-5. The s o l a r  ce l l  has a t empera tu re   coe f f i c i en t  
of approximately 0.1% current change p e r  degree  cent igrade  wi th  a con- 
s t a n t  l i g h t  i n p u t .  
A pressure sensor  has  been selected for  monitor ing the package pressure.  
I t  i s  manufactured by Bourns Instrument and has been tested to or above 
the   requi red   envi ronmenta l   spec i f ica t ions   for   the  SQL. This  device 
provides a r e s i s t a n c e  t h a t  v a r i e s  l i n e a r l y  w i t h  t h e  a b s o l u t e  p r e s s u r e .  
An o p e r a t i o n a l  a m p l i f i e r  w i l l  be  used  wi th  th i s  sensor  to  obta in  the  
proper  leve l  ou tput .  
A thermis tor  has  been  se lec ted  as  the  tempera ture  sensor .  I t  too w i l l  
be  used in  con junc t ion  wi th  an  ope ra t iona l  ampl i f i e r .  Th i s  w i l l  be used 
to  moni tor  the  laser mounting bracket temperature. 
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Figure 11-4 Solar cell characteristics. 
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Figure 11-5 T e l e m e t r y   c i r c u i t   f o r   m o n i t o r i n g   l a s e r  
ou tpu t  power. 
D.  PACKAGE DESIGN 
The integrated laser/power supply package design i s  shown in  F igure  II- 
6.   This   hermet ica l ly   sea led   he l ium-f i l led   package  is made of aluminum 
a l l o y  (6061-T6) pa r t s   d ip   b razed   t oge the r .  The e l e c t r i c a l   c o n n e c t o r  
f o r  t h e  28  V prime power and the telemetry is a hel ium-leak t ight  assembly 
t h a t  is  so ldered   to   the   package .  The ou tpu t  windowlbeam s p l i t t e r  assembly 
is  shown i n  F i g u r e  11-7 .  The ou tpu t  window w i l l  be  sealed with a b u t y l  
rubber "0" r i n g .  The assembly  housing i s  dip  brazed  to   the  package.  A 
p r e s s u r e  r e l i e f  v a l v e  is  provided  for  evacuat ing  and  back  f i l l ing .  A 
channel which is located around the top of the package, holds a gaske t  
t o  which  the  top is  sea l ed .  Th i s  gaske t  s ea l  can  be  used  r epea ted ly  i f  
necessary.  
An a d j u s t a b l e  p r e c i s i o n  e d g e  is provided  for  beam alignment.  The two 
independen t ly  ad jus t ab le  su r faces  w i l l  b o t h  b e  a l i g n e d  p a r a l l e l  t o  t h e  
beam axis. The s u r f a c e s  are made of  hardened tool  steel ground t o  t h e  
r e q u i r e d   f l a t n e s s  .. 
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Figure 11-6 Laser/power supply package 
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Figure 11-7 Output windowlbeam splitter assembly. 
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E. WLIABILITY PREDICTION 
This  prediction  updates  the  prediction  of  Section J of Reference .I. The 
reliability of the  integrated  laser  and  power  supplies  is  expressed  as 
the  product of the  probability of mission  success  for  each of its sub- 
assemblies. The  reliability  model  of  Phase I remains  valid  as  the over- 
all laser  unit has two  discharge  sections  within a common  metal-ceramic 
envelope. Each  section has  separate  power  supplies  which  provide  the 
anode  and  starting  voltages  and  required  telemetry  circuits.  The  model 
is  expressed  as  a series-parallel  model and  is  diagrammed  in  Figure II- 
8. This  model  recognizes  two  modes of operation.  One  mode  is  the  pro- 
bability  that  the  integrated  laser  provides  full  power  output of 5 mW 
(i.e., no failures). The  probability of success  for  mode  1  may  be ex- 
pessed by equation 1, which  assumes  that  all  subassemblies  operate. 
POWER - SUPPLY 
NO. i 
ONE- HALF 
LASER 
r LASER 
. OUTPUT 
DC INPUT 
b 
+ VACUUM 
POWER . ENVELOPE . TELEME'TRY 
OUTPUT 
POWER - SUPPLY 
NO. 2 
ONE-HALF - 
LASER 
I 
Figure 11-8 Reliability diagram. 
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where 
%aser 
‘PS 
= R e l i a b i l i t y  of t h e  i n t e g r a t e d  laser and i t s  power 
suppl ies  (probabi l i ty  every th ing  works) .  
= Rel i ab i l i t y  o f  one  power supply 
bs = R e l i a b i l i t y   o f   o n e   d i s c h a r g e   s e c t i o n  
hp = R e l i a b i l i t y  o f  t h e  common laser tube vacuum envelope 
and package. 
The second mode f o r  which the  probabi l i ty  of  success  is evaluated al lows 
performance a t  approximately 35% of  the power o u t p u t ;  t h a t  is, mode 2 
assumes  the  fa i lure   of   one power supply  or   discharge  e lement .  The 
p r o b a b i l i t y  o f  s u c c e s s  f o r  mode 2 ope ra t ion  i s  expressed by equa t ion  2 .  
%L = % E P  
The p r e d i c t e d  r e l i a b i l i t y  o f  t h e  i n t e g r a t e d  l a s e r  u n i t  is shown i n  
F igure   11-9 .   This   f igure  shows t h e  r e l i a b i l i t y  f o r  no f a i l u r e s  (5 mW 
output) and for the degraded mode of operation which provides 35% of 
t h e  power ou tpu t .  
I n  a d d i t i o n ,  c u r v e s  a r e  p r o v i d e d  f o r  t h e  e f f e c t  o n  r e l i a b i l i t y  u s i n g  
MIL-spec par t s  (Phase  11) and the  use  of  h igh  re l iab i l i ty  par t s  which  
w i l l  b e  u t i l i z e d  on  the  f l igh t  un i t  p rogram (Phase  111) .  This  ana lys i s  
o f  r e l i a b i l i t y  i s  based upon actual  Hughes laser l i f e  tes t  experience 
and f a i l u r e  ra te  da ta  o f  e l ec t ron ic  pa r t s  s e l ec t ed  f rom MIL-HDBK-217A, 
“ R e l i a b i l i t y  S t r e s s  a n d  F a i l u r e  Rate Data f o r  E l e c t r o n i c  Equipment”. 
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Hughes E l e c t r o n  Dynamics Divis ion has  accrued over  55,200 hours  of  l i fe  
t es t  opera t ion  on  the  co ld  ca thode  3082H and 3083H He-Ne (CW) family 
o f  l a s e r s .  These d a t a  i n d i c a t e  t o  d a t e  a demonstrated MTBF of  27,600 
hours  wi th  two fa i lures .  This  s ta fement  of  laser MTBF is  only  l imi ted  
by t h e  amount of da ta  acc rued  to  da t e .  A s  l i t t le  as t e n  months  ago, 
Hughes A i r c r a f t  Company, E l e c t r o n  Dynamics Division had demonstrated 
fo r  t h i s  f ami ly  o f  He-Ne lasers of MTBF of 15,000 hours and was  con- 
s e r v a t i v e l y  e s t i m a t i n g  t h e  a c t u a l  MTBF to  be  in  the  range  of  25 ,000  hours .  
In  the  subsequen t  t en  month per iod  the  Elec t ron  Dynamics Divis ion had 
demonst ra ted  the  ac tua l  MTBF to  be  a lmos t  2 times grea te r  than  demonst ra ted  
t e n  months  ago. A l l  t h i s  p o i n t s  up t h e  r a p i d l y  c h a n g i n g  s t a t e  o f  t h e  a r t  
and  the  rap id ly  increas ing  conf idence  in  the  He-Ne l a s e r s  b u i l t  a t  t h e  
E l e c t r o n  Dynamics Divis ion.  A s  a compar i son ,   t he   i n i t i a l   p red ic t ed   l eve l s  
f o r  t h e  Hughes medium power traveling-wave tubes w e r e  20,000 hours MTBF 
based   upon  s imi la r   l imi ted  tes t  da t a .   Subsequen t   l i f e  tests have shown 
t h a t  t h e s e  metal ceramic tubes  exh ib i t  an  inhe ren t  MTBF o f  g rea t e r  t han  
1.5 mi l l i on  hour s .  
Many o f  t h e  t e c h n i q u e s  u s e d  i n  t h e s e  h i g h  r e l i a b i l i t y  space t r a v e l i n g -  
wave tubes are used  in  this metal ceramic He-Ne laser.   For  example,   the 
Hughes meta l  ceramic  sea l  techniques  used  in  the  space  t rave l ing-wave  
tubes w i l l  be  used  fo r  t he  l a se r  vacuum envelope.  This  type of vacuum 
sea l  has  acc rued  ove r  1 .5  mi l l i on  hour s  o f  f a i lu re  f r ee  pe r fo rmance  on 
such  space  programs  as  Surveyor, Syncom, ATS, E a r l y  B i r d ,  I n t e l s a t ,  
P ioneer   and   Lunar   Orbi te r .   Therefore ,   for   th i s  estimate the  laser MTBF 
i s  conserva t ive ly  es t imated  to  be  50 ,000  hours .  
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The r e l i a b i l i t y  p a r t s  c o u n t  p r e d i c t i o n  f o r  e a c h  power supply is contained 
in  Table  11-2 .  The r e l i a b i l i t y  p r e d i c t i o n  f o r  e a c h  power supply does not 
i nc lude   t he   t e l eme t ry   c i r cu i t s .  The te lemet ry   por t ion   o f   the  laser and 
power supply i s  d e s i g n e d  t o  b e  f a i l s a f e ;  i.e. fa i lure  of  any  te lemet ry  
po in t  w i l l  no t  cause  a c a t a s t r o p h i c  f a i l u r e  o f  t h e  power supply  or  laser 
and t h e r e f o r e  w i l l  no t  a l t e r  t he  mis s ion  success  o f  t he  in t eg ra t ed  power 
supply  and laser. 
Table 11-2  Power s u p p l y   p a r t s   c o u n t   a n d   f a i l u r e   r a t e   d a t a  
(one power supply) .  
PART TYPE 
Trans is t o r  
NPN, Power 
NPN, G.P. 
NPN, G.P. 
Diode 
G.P. 
H i  Voltage 
Power 
Zener 
R e s i s t o r s  
Metal Film 
Power W-W 
Carbon Corp. 
Capaci tors  
Ceramic 
Sol id  Tant .  
Feed Thru 
Magnets 
TOTAL k/10-6 
4 
1 
8 
24 
2 
4 
3 
11 
4 
16 
4 
14 
2 
7 
MIL SPEC 
?L/10-6 
1.76 
.56 
1.75 
5.03 
.66 
1.46 
1.64 
1.77 
.072 
.064 
.044 
.67 
.4 
1.4 
17.55 
HIGH RELIABLILITY 
h/10-6 ~- ". 
.4 
.015 
.304 
.120 
.036 
,072 
.06 
.027 
.032 
.032 
.004 
.067 
.2 
.11c 
1.52 
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SECTION I11 
SPECIAL  TESTS AND EVALUATIONS 
There were several problem areas  which exis ted a t  the  end of Phase I 
of the  p re sen t  con t r ac t .  The r e s u l t s  of s p e c i a l  tests which  have  been 
conducted  to  inves t iga te  these  problems are documented i n  t h i s  s e c t i o n .  
A .  CATHODE STUDIES AND LIFE TESTS 
A cont inuing company suppor t ed  co ld  ca thode  l i f e t e s t  p rog ram i s  t h e  
bas i s  of  the  SQL cold  cathode  design.  This  program  began  almost  three 
years  ago a t  Hughes Research  Laboratories.   Early  experiments  were made 
wi th   ox id ized  aluminum, fol lowing.Hochul i   but   this   approach was abandoned 
i n  f a v o r  of o x i d i z e d  t a n t a l u m  a l s o  b u i l t  a s  a hol low structure .  Tantalum 
2 
has more d e s i r a b l e  p r o p e r t i e s  a s  a vacuum tube  mater ia l  and  the  layer  of  
Ta 0 formed by proper   processing  should,   in   theory,   have  even  higher  
s p u t t e r i n g  r e s i s t a n c e  t h a n  A1203, because of  the higher  heat  of  subl ima-  
t i o n  of Ta205. 
2 5  
The r e s u l t s  o f  t h e  i n i t i a l  c o l d  c a t h o d e  l i f e  t e s t s  f o r  t h e  d u a l  b o r e  
design of the SQL discharge tube is  d i scussed  on  page 46 of r e fe rence  4 .  
These l i f e  t e s t s ,  which were performed during Phase I of t h i s  program, 
a l l  f a i l e d  due  to   gas   c lean up caused by ca thode  sput te r ing .  This .pro- 
blem was i n i t i a l l y  t h o u g h t  t o  be  due t o  improper  oxidat ion of  the inside 
of  the tantalum cathode in  the area where the current  densi ty  i s  the 
h ighes t .  More r e c e n t  tests ind ica t e   t ha t   t he   spu t t e r ing   p rob lem i s  a l s o  
associated  with  the  cathode  geometry.   These tests were conducted on 
d ischarge   tubes   tha t   d i f fe red   on ly   in   ca thode   geometry .  One tube,  "A", 
'was i d e n t i c a l  t o  SOL, S e r i a l  Number 2 and 6 except the cathode was pro- 
cessed by a method. which insured proper  oxidat ion of  the inside surfaces .  
2 1  
The o ther  tube ,  IIBrt, had a d i e l e c t r i c  s e p t u m  i n  t h e  c e n t e r  o f  t h e  c a t h o d e  
between the two bores  which causes  an electric f i e l d  c o n f i g u r a t i o n  t h a t  
i n s u r e s  a more un i fo rmcur ren t   dens i ty   d i s t r ibu t ion .   Th i s   ca thode  more 
n e a r l y  d u p l i c a t e s  t h e  c o n d i t i o n s  t h a t  exis t  i n  t h e  3082H cathode.  Both 
tubes were i n i t i a l l y  f i l l e d  t o  1.5 t o r r .  Tube "A" f a i l e d  a f t e r  1187 hours,  
whi le  tube  lrBrl d i d  n o t  f a i l  u n t i l  i t  had operated 4120 hours.  End o f  l i f e  
was determined when the   tube  pressure reached  1 .10  torr .  The p res su re  
versus t ime curve from tube "Bll i s  shown in  F igu re  111-1. 
3 Hochuli   has shown t h a t  t h i s  p r e s s u r e  time curve  can  be  approximated by 
P 1 /x - = ( l - S )  , o < _ t < _ ,  
where - i s  the  pressure  a t  time t divided by t h e  i n i t i a l  p r e s s u r e .  
The exponent x and  l i fe t ime , f o r  a given cathode mater ia l  and surface 
t reatment  must be  determined  experimentally.   These  parameters  were 
determined for  tube rrB'l and are g iven  in  F igure  111-1 along with the 
approximate possible  time curve.  
Once these parameters  x and , are known we can  de termine ,  for  the  same 
cathode  geometry,  gas volume  and c u r r e n t   d e n s i t y ,  a new l i f e t i m e   f o r  
any i n i t i a l  p r e s s u r e  P2. Doing t h i s  f o r  a n  i n i t i a l  p r e s s u r e  o f  2 .0  t o r r ,  
which is about optimum f o r  t h e  SQL, results i n  a pressure  of  1 .58  tor r  
a f t e r  10,000  hours  operation. Thus i t  would appear   tha t   the  new cathode 
geometry w i l l  be  capable  of  l i fe t imee i n  excess of the 10,000 hour re- 
quirement. 
2 
This  ex t r apo la t ion  i s  s u b s t a n t i a t e d  by t h e  l i f e  t es t  r e s u l t s  t h u s  f a r  
obtained for  the metal  ceramic prototype discharge tube number 1 which 
has   operated  over  5500 hours and i s  s t i l l  operat ing.   This   cathode  'design 
ils b a s i c a l l y  t h e  same as tube "A" except  i t  i s  1.8 inches  in  d iameter  
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Figure 111-1 Cathode geometry evaluat ion  l i fe tes t   data .  
whereas  tube "A" w a s  only  1 .4   inches.  The h igher   ca thode   cur ren t   dens i ty  
r e s u l t s  i n  a lower   expec ted   l i fe t ime 7. The new cathode  geometry  for  the 
SQL should therefore  be much supe r io r  t o  tha t  u sed  in  p ro to type  d i scha rge  
tube number 1 s ince  the  ca thode  d iameters  are the  same. 
L i f e t e s t s  are cont inuing on  Hughes  Model 3082H tubes which are being 
manufactured for Keuffel  and Esser Company fo r  u se  in  an  a l ignmen t  
l a s e r ,  see Table  111-2,  page 49 of  'Reference 1. Tube numbers 5 ,  25, and 
27 are s t i l l  opera t ing  of  14,740, 7,827 and 8,853 hours respectively.  
Number 43 f a i l e d  a f t e r  o n l y  950 hours  due to  a vacuum leak,  These 
r e su l t s  aga in  demons t r a t e  t he  long  l i f e  capab i l i t y  o f  t h i s  co ld  ca thode  
des  ign.  
B. MIRROR STUDIES 
An extens ive  mir ror  eva lua t ion  program was conducted during Phase I of  
t h i s  c o n t r a c t .  The r e s u l t s  of t h i s  program a re   p re sen ted   i n   Sec t ion  III- 
G of Reference 1.. I n  so f a r  a s  t h i s  e v a l u a t i o n  was conducted on an ex- 
t e r n a l  m i r r o r  l a s e r ,  a d d i t i o n a l  tests were r equ i r ed  to  de t e rmine  i f  any  
problems exis ted when these  same mi r ro r  coa t ings  were used  in t e rna l ly .  
During Phase I a d ischarge  tube , . shown in  F igure  111-2 ,  was cons t ruc -  
t ed  wi th  a s p l i t  bore,  common cathode  and two anodes.  Bellows were 
a t t ached  to  the  anodes  and mi r ro r s  were then epoxied to  the bel lows.  
The r e s u l t s   o f   t h e s e  tes ts  a r e  shown i n  F i g u r e  111-3. The r e s u l t s  from 
an  ident ica l  tube  which  had  Brewster windows and  ex terna l  mir rors  i s  
shown in  Figure  111-4.  Thus it  was determined  that   both O p t i c a l  Coat- 
i n g  Labs  and Spec t r a -Phys ic s  mi r ro r  coa t ings  y i e lded  equ iva len t  r e su l t s  
when u s e d  i n t e r n a l l y  a n d  s u b s t a n t i a l l y  more  power than was obtained 
e x t e r n a l l y .  
24 
. . .. 
Figure  111-2 Glass tube   u sed   fo r   i n t e rna l   mi r ro r  tests.  
I n t e r n a l  m i r r o r  l i f e t e s t s  w e r e  s t a r t e d  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  
of  long term m i r r o r  c o a t i n g  d e t e r i o r i a t i o n .  Two g l a s s  l a s e r  d i s c h a r g e  
tubes were constructed with a p r e - a l i g n e d  f l a t  h i g h  r e f l e c t i n g  m i r r o r  
epoxied  on  one  end  and a Brewster angle  window on the other end. This 
des ign  makes poss ib le  the  use  of  var ious  ex terna l  ou tput  mir rors  which  
can  be  readi ly  ad jus ted .  The h igh  re f lec t ing  f la t s  were  obta ined  f rom 
Optical  Coat ing Labs and Spectra Physics to compare the two d i f f e r e n t  
coat ings.  Both lasers  have been running for  over  5300 hours  with  no 
s igns  o f  de t e r io ra t ion  and  bo th  have  e s sen t i a l ly  the  same output  power 
as a comparable   external   mirror  laser. These  mirrors  are  epoxied  near 
the anode of the tube a t  approximately the same d i s t a n c e  a s  i n  t h e  SQL 
design.  This i s  to   insure   the   de tec t ion   of   any   mir ror   degrada t ion   due  
t o  t h e  d e p o s i t i o n  o f  s p u t t e r e d  a n o d e  m a t e r i a l  o r  p a r t i c l e  bombardment 
tha t  could  occur  i n  t he  SQL design. 
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Figure 111-3 Measured TEM power o u t p u t   f o r  a s h o r t  
(9 in.)   boreoo 3083H w i t h  d i f f e r e n t  r a d i u s  
i n t e r n a l  m i r r o r s .  
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Figure 111-4 Measured TEM power ou tpu t   fo r  a s h o r t  
(9  in.) boreoo 3083H w i t h  e x t e r n a l  m i r r o r s .  
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C. MIRROR AND WINDOW SEALS 
During Phase I a method was worked ou t  fo r  s ea l ing  the  ou tpu t  mi r ro r  
onto  the  laser  without  the  need  for  epoxy  or  other  cement.   This 
technique i s  d e s c r i b e d  i n  S e c t i o n  111-4 of  Reference 1. Upon c a r e f u l  
i n spec t ion  o f  t hese  g l a s s  t o  me ta l  mi r ro r s  f ab r i ca t ed  and  coa ted  
dur ing  the  in i t ia l  phase  of  the  program,  smal l  vacuum leaks  were 
found i n  t h e  g l a s s  t o  metal i n t e r f a c e .  S i n c e  t h e  l e a k s  were n o t  d i s -  
c o v e r e d  u n t i l  a f t e r  t h e  m i r r o r s  were he l ia rced  to  the  d ischarge  tube  
they were i n i t i a l l y  t h o u g h t  t o  be caused by thermal stresses se t  up 
du r ing   he l i a rc ing .  However, carefu l   he l ium  leak   checking   revea led  
l e a k s  i n  a l l  t h e  g l a s s  t o  metal m i r r o r s  f a b r i c a t e d .  T h e s e  g l a s s  t o  
meta l  mir rors  appafent ly  di'd not  leak before  gr inding,  pol ishing,  and 
coat ing.   Therefore  i t  is  be l i eved   t ha t   t hese   ope ra t ions  may have  been 
the  cause  of  the  problem. The r e l i a b i l i t y  o f  a n y  p a r t  o f  t h e  SQL 
design  should  be  proven  wherever  possible.  Thus t h e  g l a s s  t o  metal 
mirrors  were dropped in  favor  of a somewhat space consuming but much 
more r e l i a b l e  d e s i g n .  
T h i s  a l t e r n a t e  d e s i g n ,  shown in  F igu re  111-5, employs an internal  output  
mirror  coated on a fused  quar tz  subs t ra te  which  w i l l  be mechanically 
mounted. The, ou tpu t  beam pesses from th i s  mi r ro r  t h rough  a more con- 
v e n t i o n a l  o p t i c a l  f l a t  o u t p u t  window. The output  window i s  s e a l e d  t o  
a shor t  sec t ion  of  g lass  tub ing  which  is s e a l e d  t o  a Kovar h e l i a r c  f l a n g e ,  
This technique i s  qui te  s t ra ight  forward  and  these  sea ls  have  proven  to  
be  very r e l i s t l e  and are wide ly  used  in  vacuum viewing ports ,  Several  
o f  the  output  window assemblies have been fabricated.with no problems. 
The c e n t r a l  3/8 i n c h  a p e r t u r e  r e m a i n s  f r e e  o f  d i s t o r t i o n  a f t e r  s e a l i n g .  
A he l i a rc  we ld  tes t  has  been  performed on one  assembly.  This  unit  
shown in  F igure  111-6 was then  sub jec t ed  to  a typical  bakeout  tempera- 
tu re  cyc le  ( ambien t  t o  45OoC f o r  24 hours  and  back  to  ambient).  The 
assembly was s t i l l  l e a k  t i g h t  a f t e r  t h e s e  tests. 
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Figure  111-5 Output mirror and window design. 
Figure 111-6 Output window tes t   assembly .  
There  a re  no p rob lems  a s soc ia t ed  wi th  pu t t ing  an  an t i r e f l ec t ion  coa t ing  
on   the   ou ts ide   sur face   o f   th i s  window assembly.   Since  the  inside  surface 
i s  somewhat  masked by the  kovar  f lange  th i s  may p resen t  a  problem. How- 
ever ,  a maximum r e f l e c t i o n  of 1 . 0 %  t o t a l  f o r  bo th  sur faces  (over  a 3/8  
i nch  ape r tu re )  seems achievable.   These AR coat ings  have  been  tes ted by 
the manufacturer and are not degraded by the bakeout temperature. 
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D. ENVIRONMENTAL,  ESTING 
Two prototype metal ceramic laser discharge tubes of  the design shown 
in Figure 11-2 of Reference 1 were cons t ruc ted  dur ing  Phase  I o f  t h i s  
program. The second  of   these   un i t s ,   p ro to type   d i scharge   tube  number 2,  
was processed  and  packaged.  This  laser w a s  then   subjec ted   to   the   requi red  
s i n u s o i d a l  v i b r a t i o n  test. A resonance w a s  noted a t  1100 Hz and the 
forces measured on the ends of the mirror support  cylinder reached 
120   g’s .   Al though  the   un i t   d id   no t   suf fe r   permanent   fa i lure ,   the   mir rors  
did misal ign.  This  was determined to’be due to  movement of  the  mir ror  
support which was held by fou r  screws to  the  mi r ro r  suppor t  cy l inde r .  
In  the modif ied design shown in  F igu re  11-1 the mirror  support  i s  held 
in  p lace  by  a threaded retainer  r ing which should prevent  any movement. 
It i s  a l so  in s t ruc t ive  to  no te  tha t  t he  r e sonan t  f r equency  o f  t he  mi r ro r  
support  f requency of  the mirror  support  cyl inder ,  which is p ropor t iona l  
t o   ( E / P ) ~ ’ ~  where E is  the  modu lus  o f  e l a s t i c i ty  and p t he  dens i ty ,  
would have been approximately 2800 Hz had i t  been made of  beryl l ium 
r a t h e r  t h a n  aluminum.  Thus the  resonance  noted would have  been  above 
the  5 t o  2000 Hz frequency range of the tes t  and s ince the modif ied 
design is  shor te r  the  resonance  w i l l  be w e l l  above th i s  r ange .  
Th i s  un i t  was a l so  sub jec t ed  to  pa r t  o f  t he  r equ i r ed  shock  t e s t .  It  was 
shocked three times in  each  o f  t he  two axes mutual ly  perpendicular  to  the 
long  axes.  Again  the  only  problem was misa l igned  mir rors  due  to  move- 
ment of the   mir ror   suppor t .   S ince ,   an   expens ive   f ix ture  would have  been 
r e q u i r e d  f o r  s h o c k  t e s t i n g  t h i s  u n i t  a l o n g  t h e  l o n g  a x i s  i t  would have 
been  r equ i r ed  fo r  shock  t e s t ing  th i s  un i t  a long  the  long  ax i s  i t  d id  not  
seem f e a s i b l e  t o  c o n d u c t  t h e  test b u t  r a t h e r  t o  w a i t  and test the modified 
d e s i g n  l a t e r  i n  t h e  program. 
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E. DISCHARGE TUBE NUMBER ONE 
The f i r s t  d i scha rge  tube  o f  t he  mod i f i ed  des ign  (F igu re  11 -1 )  has  been  
cons t ruc ted   and   tes ted .  No problems were encoun te red  in  the  f ab r i ca -  
t ion   o f   the   var ious   subassembl ies .  The time r e q u i r e d  d u r i n g  f i n a l  
a s sembly  to  a l ign  the  two ceramic bores was greater t h a n  a n t i c i p a t e d .  
'Th i s  can  be  r ec t i f i ed  in  fu tu re  cons t ruc t ion  wi th  p rope r  f ix tu r ing .  
The tube was  then  p laced  in  a vacuum bakeou t  s t a t ion .  It  was baked 
o u t  a t  350 C maximum for  approximate ly  20 hours.  The tube was pumped 
w i t h  a vac-ion pump system during bakeout.  
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After  bakeout  the  tube  was valved off  under  vacuum and placed in  a tes t  
c a v i t y  s u p p o r t  s t r u c t u r e .  It was t h e n  c o n n e c t e d  t o  a n  o i l  d i f f u s i o n  pump 
vacuum s t a t i o n  f o r  b a c k  f i l l i n g  and t e s t i n g .  
The d i scha rge  was extremely clean and f r e e  o f  c o n t a m i n a t i o n  b u t  a l l  
e f f o r t s  t o  g e t  l a s i n g  a c t i o n  f a i l e d .  The prism was then removed by 
g r ind ing  down the hel iarc  weld f langes and replaced with a high re- 
f l e c t a n c e  f l a t  m i r r o r  w h i c h  w a s  epox ied  in  place. Las ing  ac t ion  was 
obta ined  but  the  output  power was low; the best  obtained w a s  only 1.7 mW. 
Both mirrorswere then removed and upon ca re fu l  i n spec t ion  the  ou tpu t  
mi r ro r  was found to  be  c razed ,  apprarent ly  f rom the  tempera ture  cyc l ing  
during bakeout .  The prism  coating  which had a l s o  gone  through  the  bake- 
out  appeared  to  be  una l te red .  Both  the  mir ror  and  p r i s m  were checked 
i n  a n  e x t e r n a l  m i r r o r  laser, t he  p r i s m  was  unchanged  (both were t e s t e d  
i n  t h i s  manner before  the  tube  was assembled)  but  the output  mirror  
appeared   lossy ,   apparent ly   due   to   the   c razed   coa t ing .  The output   mir ror  
had been coated by Optical  Coat ing Labs  and the  p r i s m  by Spectra-Physics .  
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  OCLI c o a t s  w i t h  a subs t r a t e  t empera tu re  
of 3OO0C while  S P  uses  35OoC. As w e  r e p o r t e d  p r e v i o u s l y ,  e x c e p t  f o r  t h i s  
crazing problem, both of  these manufacturers '  mirrors  have been evaluated 
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and determined to  be of  equal  qual i ty .  Although the lossy.  output  mirror ,  
which was crazed ,  expla ins  the  low  power i t  does  not  expla in  the  non- 
l a s i n g  s e e n  when t h e  p r i s m  was  used.  This  problem was apparent ly  due 
t o  d i f f i c u l t i e s  e x p e r i e n c e d  i n  m i r r o r  a l i g n m e n t  when a prism i s  used. 
Spectra-Physics mirrors were then epoxied on discharge tube number 1. 
An ou tpu t  power of 4.8 mW was obtained.   This  was i n  t h e  TEM t r a n s -  
mode d u e  t o  t h e  u s e  of a 120 c m  r ad ius  ou tpu t  mi r ro r  s e l ec t ed  because  
i t  w a s  a s t o c k  i t e m  and  readi ly  ava i lab le  f rom SP. A l though  s l igh t ly  
less power would  be  expected i n  t h e  TEM mode, the  above  data  was 
taken  wi th  He4 r a t h e r  t h a n  He3 and between 10% and 20% more power can 
be expected with the He3 isotope.  
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The f l a t  h i g h  r e f l e c t a n c e  m i r r o r  was then removed  and replaced by a 
Brewster's ang le  pr i sm.  This was epox ied   t o   an   ex tens ion   t ha t   i nc reased  
the   mir ror   spac ing  by 1.0 cm.  Data  takenwith He3 i so tope  is shown i n  
Figure  111-7.  This  appears  to  be  almost a l l  TEM as shown i n   F i g u r e  III- 
8,  which is a ske tch  of t h e  l a s e r  o u t p u t  mddes observed with a Spec t r a -  
Physics  Model 420 opt ica l  spec t rum analyzer .  
00 
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Figure 111-7 Measured TEM power output for discharge 
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Figure 111-8 Sketch of output  modes observed   wi th   op t ica l  
spectrum analyzer .  
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Discharge tube number 1 w a s  t hen  sub jec t ed  to  pa r t  o f  t he  r equ i r ed  
environmental  shock test. I t  was mounted i n  t h e  test  c a v i t y  f i x t u r e  
as shown in  Figure  111-9.  The laser performance was not  changed by 
t h i s  tes t  which consis ted of  3 shocks perpendicular  to  the long axis .  
Shock tests a long  o ther  axes  were not  performed due to  special  
f ix tur ing  requi rements .  
Figure  111-9  Laser mounted i n   s p e c i a l  test  cav i ty .  
The same l a s e r  c o n f i g u r a t i o n  was then  sub jec t ed  to  the  r equ i r ed  s inuso ida l  
v i b r a t i o n  tes t .  The l a s e r  o u t p u t  power was measured  before and a f t e r  
v ib ra t ion  t e s t ing  in  each  o f  t h ree  mutua l ly  pe rpend icu la r  axes  and  aga in  
remained  constant. 
Although these tests were not  performed in  the SQL c a v i t y  s u p p o r t  s t r u c t u r e  
they give great  confidence as  to  the ruggedness  of t he  en t i r e  des ign .  
Forces of 30-40 G ' s  were measured on the  mi r ro r  suppor t s  du r ing  v ib ra t ion  
ye t   t he   mi r ro r s   s t ayed   i n   a l i gnmen t .  The a c t u a l  SQL cav i ty   suppor t  
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s t r u c t u r e  using the beryl l ium cyl inder  should have not  resonances below 
2000 Hz, the  upper  end  of  the  requi red  v ibra t ion  tes t ing  spec t rum,  and  
the re fo re  the  fo rces  on the mirror  supports  should not  reach these high 
G levels. 
The epoxied-on mirrors were then removed from discharge tube No. 1 and 
replaced with Spectra-Physics  mirrors  of t he  r equ i r ed  des ign ,  i . e . ,  a 
200 cm output  mir ror  and a c y l i n d r i c a l  Brewster's angle  prism. The mi r ro r  
and  pr i sm wi th  respec t ive  holder  par t s  and the  output  window a r e  shown i n  
Figure 111-10. The p r i s m  holder   and   the   an t i - re f lec t ion   coa ted   ou tput  window 
were then   he l ia rc   welded   to   the   d i scharge   tube .  The discharge  tube was 
then baked out as before a t  325OC f o r  24 hours.  
Figure  111-10  Laser  mirror and p r i s m  w i t h  t .heir   espec- 
t i ve  ho lde r  and bellow assernbl ips  and  the 
output  window. 
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Discharge tube No. 1 was then mounted i n  t h e  t es t  cav i ty  and  backf i l l ed  
w i t h  He-Ne. The maximum power output  obtained was between 4.0 and 4 . 4  
mil l iwa t t s .  Th i s  is  a l l  i n  t h e  TENoo t r a n s v e r s e  mode as v e r i f i e d  w i t h  
the  Spectra-Physics Model 420 Optical  Spectrum  Analyzer.  The r eason  fo r  
the low power was never  determined. The g e t t e r  was ac t iva ted  and  the  
tube  pinched  off.  It  is  shown in   F igu re  111-11 j u s t  before  packaging. 
T h i s  l a s e r  was packaged in  an  aluminum cav i ty  suppor t  cy l inde r  and used 
f o r  power supply tests.  
Figure 111-11. Discharge  tube  ready  for 
packaging. 
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SECTION IV 
FUNDAMENTAL  DESIGN  PROBLEMS 
A. DISCHARGE  TUBE  NUMBER TWO AND THE  BREWSTER'S ANGLE PRISM 
TEMPERATURE  INSTABILITY 
A  second  discharge  tube was  constructed  identical  to  discharge  tube 
number  one (DT  No. 1). The  construction  of  the  vacuum  assembly was 
again  performed  with no difficulties.  The  discharge  tube  subassemblies 
are  shown  in  Figure  IV-1.  This  tube  was  baked  out  at a maximum  temp- 
erature  of  2OO0C  for  72  hours. 
After  bakeout  the  tube was placed  in  the  test  cavity  as  shown  in 
Figure  111-9 and  connected  to  an  oil  diffusion  pump  vacuum  station  for 
cathode  activation  and  testing.  The  tantalum  cold  cathodes  were acti- 
vated  by  operating an oxygen  discharge  in  each  half  of  the  discharge 
tube  one  side  at  the  time.  The 0 pressure  used was 2.0 Torr and  the 2 
discharge  current  was 45 miliiamps. 
" 
Figure IV-1 Discharge tube subassemblies. Cathode cylinder, 
bore  assemblies,  ceramic  septum,  bellows  assemblies 
tantalum  cathodes,  and  optical  parts. 
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The m i r r o r s  were then al igned and a maximum power of 4 . 3  m i l l i w a t t s  was 
obtained a t  p r e s s u r e  of 2.0 Torr  and a d i scha rge  cu r ren t  of 7.5 m i l l i -  
amps pe r  s ide .  The output  power wi th  e i the r  s ide  o f  t he  d i scha rge  run -  
n i n g  s e p a r a t e l y  was 1.5  m i l l i w a t t s .  The tube was then  pinched  off  and 
the  mir rors  rea l igned .  The maximum power obtained was 5.7 m i l l i w a t t s  
which  proved t o  be a l l  i n  t h e  TEM mode as v e r i f i e d  w i t h  t h e  o p t i c a l  
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spectrum  analyzer.  The spectrum  consisted  of 4 but  sometimes 5 l i n e s .  
Two of  the  l ines  were extremely weak when the  mtr ror  spac ing  was such 
t h a t  5 l i n e s  were p resen t .  
DT No. 2 was then removed  from the tes t  cavi ty  and  p laced  in  the  bery l -  
l ium  mir ror   suppor t   cy l inder .  It was he ld   i n   p l ace   i n s ide   t he   cy l inde r  
w i th  set  screws   ra ther   than   be ing   ac tua l ly   po t ted .  The mirrors  were 
a l igned  and a power output of 5.5 m i l l i w a t t s  was obtained.  
I n  t h i s  c o n f i g u r a t i o n  t h e  l a s e r  was found t o  be ve ry  t empera tu re  sens i t i ve .  
Operating on an  insu la ted  s tand  a l lowing  only  convec t ion  cool ing  the  laser  
package  would s t a b i l i z e  a t  approximately 45 C. If the   mir rors   were   a l igned  
under  th i s  condi t ion  and the laser  turned off  and al lowed to  cool  and then 
turned back on it would no t  s tas t  l a s ing  wi th  r easonab le  power, =5 mW, un- 
t i l  the  temperature   of   the   cyl inder  was back up t o  42 - 45OC. By running 
each s ide of  the discharge independent ly  i t  was determined that  the pro-  
blem was a s soc ia t ed   w i th   t he  p r i s m  end  of   the  laser .  The i n i t i a l  t h o u g h t  
was t h e  s t a i n l e s s  s t e e l  mount, t o  which  the p r i s m  i s  clamped a t  an angle ,  
was causing a r o t a t i o n  of the p r i s m  with  temperature.  A c a l c u l a t i o n  show- 
e d  t h i s  t o  be a problem but did not explain the magnitude of the misalign- 
ment t h a t  was measured.  Next,   the  change  in  index  of  refraction of the  fused 
quartz  (from  which  the p r i s m  is made) with temperature was i n v e s t i g a t e d .  
This  tu rned  out  to  be the  problem  and  calculations  (see Appendix C )  and 
measurements   have  def ini te ly   pinned  this  down. The misalignment  due t o  the 
p r i s m  was ca l cu la t ed  to  be  ove r  10 microradians  per  degree  cent igrade  and 
80 - 100 microradians misalignment i s  s u f f i c i e n t  t o  c o m p l e t e l y  s t o p  l a s i n g .  
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The tempera ture  s tab i l i ty  problem never  showed up i n   a l l  o f  the  tes t ing  
t h a t  was done i n  t h e  test c a v i t y  f i x t u r e ,  F i g u r e  111-9. This was 
apparent  because  the p r i s m  and mount a r e  so wel l  t he rma l ly  i so l a t ed  . 
from  the  discharge  tube,   where  the  heat i s  generated.  The l a s e r  was 
neve r  the rma l ly  cyc led  in  th i s  conf igu ra t ion .  
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B. STARTING  INSTABILITY AND CATHODE SPUTTERING 
Dur ing  the  t e s t ing  of the packaged power s u p p l i e s  w i t h  DT .No. 1 and No.  2
a s ta r t ing  ins tab i l i ty  problem began  to  appear  which  became more pro- 
nounced the  longer   the  discharge  tube was’ opera ted .   E i ther   s ide   o f   the  
s p l i t  d i s c h a r g e  column  would s t a r t  and operate normally but keeping both 
s i d e s  on s imultaneously became imposs ib le  unless  the  opera t ing  cur ren t  
was increased from the design value of 7.5 mil l iamps to  approximately 
10 mi l l i amps   pe r   s ide .   In   add i t ion ,   t h i s   i n s t ab i l i t y   cou ld   be   b rough t  
on by a s l i gh t  i nc rease  in  the  anode  to  ca thode  s t r ay  capac t t ance  and 
th i s  p rob lem a l so  became increas ingly  worse  as  a func t ion  the  opera t ing  
t i m e  logged. 
Discharge tube number one was autopsied and evidence of  severe cathode 
s p u t t e r i n g  was found. However, t h i s   s p u t t e r i n g   o c c u r r e d  on only  one 
ok the two tantalum  dual   cathodes.  The photograph of  the two bore 
assemblies  with  the  unsputtered  cathode s t i l l  a t t ached  i s  shown i n  
Figure IV-2. The b l ack   depos i t  on the one bore i s  s p u t t e r e d  m a t e r i a l  
which is probably  tantalum. However, t h e r e  i s  ev idence   tha t   b raz ing  
. .  . -  . 
Figure IV-2  Bore assemblies  from DT No. 1 showing  the 
resul ts  of  severe  ca thode  sput te r ing .  
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material has   a l so   been   sput te red .  The discharge  appears  to  have  been 
get t ing outs ide of  the cathode can through the gap between the cathode 
end  cap and the  ceramic  bore.  The back  end  of  the  cathode  end  cap,  which 
was removed from t h i s  b o r e ,  showed evidence  of  sputtering.  There i s  no 
evidence  of  sputtering  of  the  other  cathode  bore  assembly. The cathode 
spu t t e r ing   appea red   t o  be t h e  c a u s e  o f  t h e  s t a r t i n g  i n s t a b i l i t y .  However, 
t he  r eason  fo r  t he  ca thode  spu t t e r ing  in  view o f  t h e  p r e v i o u s  l i f e t e s t s  
as d i s c u s s e d  i n  S e c t i o n  111-A w a s  no t  known. A glass  discharge tube with 
an  iden t i ca l  dua l  ca thode  des ign  was c o n s t r u c t e d  a n d  l i f e t e s t e d  t o  
inves t iga te   the   sput te r ing   problem.  The g lass   tube  showed ope ra t ing  
c h a r a c t e r i s t i c s  s i m i l a r  t o  DT No. 1 and No.  2 and f a i l e d  due to  gas  c leanup 
caused   by   sput te r ing   in  less than 1000 hours   of   operat ion.  The s p u t t e r i n g  
again occurred on only one cathode. 
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SECTION V 
DESIGN  INVESTIGATIONS AND PROBLEM  SOLUTIONS 
A. SOLUTION TO THE  BREWSTER'S ANGLE PRISM  TEMPERATURE 
INSTABILITY AND 3 . 3 9  MICRON COMPETITION 
A poss ib l e  so lu t ion  to  the  l a se r  cav i ty  misa l ignmen t  p rob lem d i scussed  
in   Sect ion  111-F w a s  i n v e s t i g a t e d .  The Brewster's angle   ha l f  p r i s m  was 
replaced by a subassembly which consis ts  of  an internal ly  mounted 
Brewster window and a f l a t  h igh  r e f l ec t ing  mi r ro r .  Th i s  subassembly ,  
shown i n  c r o s s  s e c t i o n  i n  F i g u r e  V - 1 ,  was des igned  to  rep lace  the  
Brewster ' s   angle  p r i s m  assembly  which i s  shown in   F igu re  11-1. An 
ana lys is  of  the  in te rna l  Brewster  window-f la t  mir ror  conf igura t ion  shows 
t h a t  t h e  f i r s t  o r d e r  e f f e c t  o f  a change in  the index of  r e f r a c t i o n  of t he  
m a t e r i a l  from  which  the window i s  f a b r i c a t e d  r e s u l t s  i n  a l a t e r a l  d i s -  
placement of the beam on t h e  f l a t  m i r r o r  b u t  d o e s  n o t  r e s u l t  i n  any 
angular  misalignment.   This  lateral   displacement  would,   however,  r e s u l t  
in  an angular  misal ignment  i f  the mirror  was cu rved  : r a the r  t han  f l a t .  
A s ingle  bore metal-ceramcc laser  was b u i l t  on  an in te rna l ly  funded  
program. The o p t i c a l   c a v i t y   u s e d   i n   t h i s   l a s e r   d e s i g n  was e s s e n t i a l l y  t h e  
same a s  t h a t  employed in   t he  SQL design.  However, the Brewster's angle  
p r i s m  was r ep laced  wi th  the  in t e rna l  Brewster window-flat  mirror design 
as shown in  F igure  V - 1 .  The window was made of fused  quar tz  and was 
2 m th ick .  The o p t i c a l  par t s  which were used  a long  wi th  the i r  r e spec t ive  
ho lde r s  and  clamps a r e  shown in  F igure  V - 2 .  
Tests performed on the  s ing le  bo re  l a se r  have  p roven  the  in t e rna l  
Brewster window-f la t  mir ror  des ign  to  be a so lu t ion  to  the  t empera tu re  
misalignment  problem. However, 3.39 micron  competit ion  can now become 
a ser ious problem and was one reason for  the Brewster ' s  angle  half  p r i s m  
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r/ WELD FLANGE 
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BREWSTER 
WINDOW HOLDER 
Figure V-1 Mirror/window  holder  assembly 
- HI-REFLECTANCE 
MIRROR 
Figure V-2 Parts  for i n t e r n a l  Brewster window-flat  
mirror assembly, output mirror and output 
window. 
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being employed i n  t h e  SQL design.  A d i s c u s s i o n  of t h i s  compe t i t i on  
problem can be found in a recent ly  publ i shed  book by Bloom . 4 
The s ingle  bore metal-ceramic laser  suffered from severe 3.39 competit ion 
e f f e c t s .  The record ing   of   the   l aser   ou tput  power as funct ion  of   t ime 
dur ing  warm-up shown in  F igure  V-3 c l e a r l y  i l l u s t r a t e s  t h e  c o m p e t i t i o n  
e f f e c t .  A s  t he   l a se r   cav i ty   i nc reases   i n   l eng th   due   t o   t he rma l   ex -  
pans ion  the  l a se r  l i nes  co r re spond ing  to  the  va r ious  long i tud ina l  
modes a t  b o t h  632.8 nanometers  and 3.39 microns are sweeping across 
their  respect ive Doppler  broadened gain curves.  Two p e i i o d i c  v a r i a t i o n s  
appea r   i n   t he  power ou tpu t   r eco rd ing   i n   F igu re  V-3. The small  
ampl i tude  var ia t ion  i s  due t o  t h e  632.8 nm l ines  sweeping the gain 
curve and even  the  effect   of   the  Lamb dip  can  be  seen.  The l a r g e  
ampl i tude  var ia t ion  i s  due t o  t h e  3.39 micron competition which causes 
a maximum d e c r e a s e  i n  t h e  v i s i b l e  power output  when t h e  s i n g l e  l i n e  
which   can   osk i l la te  i s  centered on the 3.39 micron  gain  curve. The 
width of  the half-maximum p o i n t s  on the Doppler curve is  gFven  by 
~loomL( t o  b e  310 megahertz and the longitudinal mode s p a c i n g  f o r  t h i s  
c a v i t y  i s  approximately 455 megahertz, hence only a s i n g l e  l i n e  a t  
3.39 micron. The p e r i o d s  o r  f l u c t u a t i o n  r a t e s  of  t h e s e   v a r i a t i o n s  
a r e  r e l a t e d  by t h e  r a t i o  of the two d i f fe ren t  wavelengths ,  approxi -  
mately 5: 1. If t h e  i n t e n s i t y  o f  the   spontaneous   rad ia t ion   a t  359.3 
nanometers ,   the   lower  laser   level  of the 3.39 micron  l i ne ,  i s  a l s o  
recorded during warm-up comple te  cor re la t ion  wi th  the  prev ious ly  
desc r ibed  v i s ib l e  ou tpu t  da t a  i s  observed. 
The 3.39 m i c r o n  r e f l e c t i v i t y  of a mir ror  coa ted  dur ing  the  same run 
a s  t h e  o u t p u t  m i r r o r  u s e d  i n  t h e  l a s e r  j u s t  d e s c r i b e d  was measured 
t o  be 12%. A similar  measurement on t h e  f l a t  h l g h  r e f l e c t a n c e  
m i r r o r   u s e d   i n   t h i s   l a s e r  gave n. 5%. Although  the 3.39 micron 
r e f l e c t i v i t y  o f  laser mir ror  des igned  for  optimum performance a t  
632.8 nanometer can be controlled to below 5% p e r  mi r ro r ,  ano the r  
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Figure  V - 3  A record ing  of l a s e r   o u t p u t  power vs time during warm-up which 
shows t h e  e f f e c t  of 3 . 3 9  micron competit ion.  
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so lu t ion  has  been  qu i t e  success fu l .  Th i s  so lu t ion  i s  t h e  use  of a g l a s s  
Brewster angle  window, e i t h e r  BK-7 o r  BSC-2, which both have very high 
abso rp t ion  a t  3 . 3 9  microns, see Figure V - 4 .  However, a combination  of  the 
g l a s s  Brewster window and low 3 . 3 9  m i c r o n  r e f l e c t i v i t y  would obviously 
be  the  most  des i rab le  so lu t ion .  
B. FABRICATION AND TESTING OF A MODIFIED LASER 
DESIGN EMPLOYING ALUMINUM COLD CATHODES 
The SQL l a s e r  d e s i g n  was modif ied in  an at tempt  to  solve the two 
problems  discussed  in   Sect ion I V :  1. The t e m p e r a t u r e   s t a b i l i t y ?  
2 .  The ca thode   sput te r ing .  
The Brewster's angle  p r i s m  was rep laced  wi th  an  in te rna l  Brewster  window- 
f l a t   mi r ro r   a s sembly  as d e s c r i b e d  i n  S e c t i o n  V-A. However, the  Brewster 
window which was used was made of BK-7 o p t i c a l  g l a s s  r a t h e r  t h a n  f u s e d  
q u a r t z  i n  a n  e f f o r t  t o  s u p p r e s s  3 . 3 9  micron  compet i t ion  effects .  Due t o  
the t i m e  r e q u i r e d  t o  o b t a i n  new mirrors  with lower 3 . 3 9  micron  r e f l ec t iv -  
i t y  we were f o r c e d  t o  use  those which were available? i.e. 12% and 5% 
3 . 3 9  micron  r e f l ec t iv i ty  fo r  t he  ou tpu t  and  h igh  r e f l ec to r  r e spec t ive ly .  
From an  ana lys i s  of  d i scharge  tube  No. 1 it  was determined that  the 
s t a r t i n g   i n s t a b i l i t y   p r o b l e m  i s  brought on by ca thode   sput te r ing .   This  
spu t t e r ing   occu r s  on only one  of  the two iden t i ca l   ca thodes .  A g l a s s  
d i scharge  tube  wi th  an  ident ica l  dua l  ca thode  des ign  was constructed and 
l i f e t e s t e d .  I t  showed s i m i l a r   o p e r a t i n g   c h a r a c t e r i s t i c s  and f a i l e d  due t o  
gas  cleanup  caused by sput te r ing .   This   sput te r ing   aga in   occur red  on only 
one cathode. The reason why one ca thode   sput te rs  i s  no t  known. It could 
be  the  cathode  geometry?  the  dual  cathode  design,  the  cathode  processing 
(oxidation! , or  poss ib ly  i t  is  a s soc ia t ed  on ly  wi th  Ta 0 on Ta cold 
cathodes.  However, t h e   f a c t   t h a t  we h a v e   r u n   s u c c e s s f u l   l i f e t e s t s  on s i n g l e  
Ta cathode tubes would c e r t a i n l y  i n d i c a t e  t h e  l a t t e r  was not  the  cause .  
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WAVELENGTH (MICRONS) 
Figure V-4 Transmission of BK7  Borosilicate  Glass (thickness 1/2 inch, 
reflection losses included, taken from  manufacturers 
catalog). 
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We have  run  ex tens ive  eva lua t ion  on tantalum and aluminum cathodes in 
g l a s s  t ubes .  We have  found that   both  kinds  can  demonstrate   equal ly  
good l i f e  C X O O O  hours)  bu t  tha t  t an ta lum ca thodes  have  shown  more 
i r r e g u l a r  r e s u l t s ,  and  aluminum is  p re fe r r ed  in  ou r  p re sen t  des igns .  
The only difference between A 1  and Ta t h a t  w,e have seen i s  the  g rea t e r  
c a t h o d e   f a l l  (= 130V) assoc ia t ed   w i th   t he  Ta-Ta 0 cathode. However, 
we have  not   tes ted A1 in   the   double   ca thode   conf igura t ion .  We have 
t e s t e d  A 1  i n  a single-bore,metal-ceramic l a s e r  and i t  appears  to  be  
p e r f o r m i n g  s a t i s f a c t o r i l y  a f t e r  3500 hours.  Thus, a p o s s i b l e   s o l u t i o n  
t o  the  pput te r ing  problem encountered  in  the  dua l  ca thode  d ischarge  tube  
could be the use of A1203  on A1 cathode. 
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The co ld  ca thodes  for  the  modi f ied  des ign  were made from 2024 aluminum 
a l loy .  One of   the  cathode  cyl inders   a long  with  the aluminum cathode  end 
cap   and   the   a lumina   d ie lec t r ic   separa tor  is  shown i n  F i g u r e  V - 5 .  I n  
Figure V-5 Aluminum cold  cathode  cyl inder ,  end 
cap and d i e l e c t r i c  sep tum.  
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addi t ion  to  changing  the  co ld  ca thode  mater ia l  smal l  aluminum c y l i n d e r s  
were placed over the bores between the cathode end caps and the internal 
bore  suppor ts ,  see Figure 11-1, t o  s h i e l d  t h e  b r a z i n g  m a t e r i a l  a t  t h i s  
j o i n t  from  the  discharge.  A s  d i scussed  in  Sec t ion  I V - B  t he re  was evidence 
t h a t  t h i s  a r e a  had  been  sput te red  in  d ischarge  tube  number 1. 
The modified SQL discharge  tube  was baked out a t  3OO0C f o r  16 hours and 
then the temperature  reduced to  2OO0C and the bakeout continued for 
another  24 hours.  The tube was then  valved  off  and  placed  in  the t es t  
c a v i t y ,  see Figure  111-9. I t  was c o n n e c t e d  t o  a n  o i l  d i f f u s i o n  pump 
vacuum s ta t ion   for   ca thode   process ing(oxida t ion)   and   tes t ing .  The 
aluminum cathodes were oxid ized  in  the  same manner a s  t he  T a  cathodes 
( see  Sec t ion  IV-A) had been oxidized previously. 
The tube was t h e n  f i l l e d  t o  2 . 0  Torr   with He-Ne gas .  Af te r  the  mir rors  
were aligned a l a s e r  o u t p u t  power of 2 .6  mi l l iwa t t s  was o b t a i n e d  a t  
approximately 7.5 mil l iampere  per   s ide.  The tube was run   overn i te  and 
the power i n c r e a s e d  s l i g h t l y  t o  2.85 mi l l iwa t t s  a t  7 .5  mi l l i amps  pe r  
s ide  which was the  optimum curren t  for  th i s  gas  pressure .  There  were  
no s igns of any 3.39 micron compet.ition effects. 
The tube was then pumped out  and r e f i l l e d  t o  2 .0  Torr and the power 
output   increased t o  3 .0   mi l l iwat t s .   Af te r  two more days  of  continuous 
ope ra t ion  a maximum power of  3 .4  mil l iwat ts  was ob ta ined  a t  an  optimum 
cur ren t  o f  8.0 mill iamps p e r  s ide.   There were s t i l l  no s igns  of power 
f luc tua t ions  to  ind ica t e  the  p re sence  of 3.39  micron  competition. 
The tube was aga in  evacuated ,  the  ge t te r  ac t iva ted  and then it  was 
r e f i l l e d  t o  2 . 0  T o r r .  A f t e r  2 more days of opera t ion  the  output  power 
w a s  ho ld ing   cons tan t  at 3.5 m i l l i w a t t s .  The tube was then  pinched  off 
and   the   l aser   ou tput  was observed  to  be a l l  i n  t h e  TEM mode. The noise  
i n  t h e  laser ou tpu t  w a s  measured t o  b e  less than 1% peak-to-peak  from 
<30 Hz to  0 .3  MHz. The inpu t  t o  the  SQL cu r ren t  r egu la t ed  power supply,  
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see Sections  11-c  and V-c,  was 0.76 amps a t  30 VDC. This  compares  to  an 
input  of  0.90 amps a t  30 VDC required for  the tantalum cathode discharge 
tubes which have a h i g h e r  c a t h o d e  f a l l .  
The discharge tube was then  pot ted  ins ide  the  bery l l ium mir ror  suppor t  
c y l i n d e r  and the   mir rors   rea l igned .  An output  power of   3 .9   mi l l iwat t s  
was obtained.  Approximately  one  hour was r e q u i r e d  f o r  warm-up from  an 
ambient  temperature  turn on.  There was a b s o l u t e l y  no signs  of  3.39 
micron competit ion.  A maximum power of 4.1 m i l l i w a t t s  wzs obtained when 
the  mir rors  were  in  per fec t  a l ignment .  
Af t e r  1000 hours of cont inuous operat ion there  has  been no i n d i c a t i o n  
of  performance  change. The. l a s e r   o u t p u t  power a s   we l l   a s   t he   d i scha rge  
tube   vo l tages  and currents   are   being  monitored.   During  par t  of  the  t ime 
the  laser   has   been  operat ing  in   the  package  with  the  top  c losed.  The 
power output  i s  3 . 7  m i l l i w a t t s  w i t h  t h e  beam s p l i t t e r  in  p lace .  
From the  tes t  r e s u l t s  o b t a i n e d  t o  d a t e  i t  appears  tha t  the  modi f ica t ion  
of the  design  has   solved  the two major  problems. The only  remaining  major 
problem i s  assoc ia ted  wi th  the  ex t remely  sens i t ive  mir ror  a l ignment  re- 
quirements imposed  by the   long   rad ius   cav i ty   des ign .   This   p roblem i s  
d i s c u s s e d  i n  t h e  summary, Sec t ion  V I .  
C. LASER  POWER  SUPPLY AND PACKAGE  FABRICATION 
AND TESTING 
Two l a s e r  power supplies and packages of t he  des ign  d i scussed  in  Sec t ions  
1 1 - C  and 1 1 - D  were fabricated  and  tes ted.   Photographs of the  package 
wi th  and  wi thou t  t he  l a se r  i n  p l ace  a re  shown in  F igu res  V-6 and V-7.  
The outline and mounting drawing of the  laser  package  i s  shown i n  
Figure V-8. One of the power supply/package  uni ts  was t e s t e d  w i t h  d i s -  
charge  tube number one. The r e s u l t s  of these tes ts  along  with a d i s c r i p t i o n  
of a new s t a r t i n g  c i r c u i t  i s  d i scussed  below. 
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Figure  V - 7  SQL package with  t o p  removed  showing 
laser  in  mount ing .  
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A new laser  discharge tube s tar t ing scheme,  which replaces  the S C R  high 
vol tage  t ransformer  approach,  was designed  and  tes ted.   This   design,  shown 
in the block diagram Figure V - 9 ,  employs a v o l t a g e  m u l t i p l i e r  s t a g e  t o  
provide a DC v o l t a g e  t o  i n i t i a l l y  e x c e e d  t h e  r e q u i r e d  i o n i z i n g  v o l t a g e .  
Once the  d ischarge  tube  draws  cur ren t  th i s  s ta r t ing  vol tage  w i l l  appear 
ac ross  the  l a rge  100 mega-ohm dropp ing  r e s i s to r  and the  cu r ren t  r egu la t ed  
lower  vol tage  supply w i l l  sustain  the  discharge.   Schematic  drawings of 
the SOL power supply  a re  shown in  F igure  number V-10. (See  shee ts  1 
through 5.) The power supply design was m o d i f i e d  t o  i n c o r p o r a t e  t h i s  new 
approach  and  tested  in  the  breadboard model  from -4OOC t o  +75OC. Although 
th i s  ou t s ide  the  r equ i r ed  ope ra t ing  r ange  ( -10°C t o  +50°C),  t h e  s t a r t i n g  
circui t   performed  exceedingly w e l l :  the  discharge  tube was ou t s ide   t he  
chamber dur ing  these  tests.  
Laser  power supply package,  (Ser ia l  Number 1) and a laser  d i scharge  tube  
i n  an aluminum mi r ro r  suppor t  cy l inde r  (Se r i a l  Number 1) was subjec ted  to  
the   requi red   thermal   cyc l ing  tes t .  I n   a d d i t i o n ,   c o l d   s t a r t s  of t he   d i s -  
charge  tube a t  b o t h  -20 C and -40 C were conducted  with no problems. The 
u n i t  was ac tua l ly  ope ra t ed  from -4OOC t o  +74OC but  the  laser  thermal ly  
detuned  apparent ly  due to  the  problem  with  the p r i s m .  The t o t a l  c u r r e n t  
regulated between 14.9 ma and  15.15 ma over  the required -10 C t o  
+5OoC range. 
0 0 
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The o p t i c a l  power output  te lemetry t ransducer  and c i r c u i t r y  was t e s t e d  
and  found t o  m e e t  a l l   des ign   r equ i r emen t s .  I t  was t e s t e d  from - l O ° C  t o  
+50 C and the output  i s  e s s e n t i a l l y  c o n s t a n t  f o r  a c o n s t a n t  l a s e r  l i g h t  
input .  (The tempera ture   coef f ic ien t  of t h e   s o l a r   c e l l  i s  approximately 
0.1% current   charge  per   degree C . )  The remaining telemetry c i r c u i t s  were 
a l l  c a l i b r a t e d  and sub jec t ed  to  s imi l a r  t empera tu re  cyc l ing  t e s t .  
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The second uni t  weighed 14.0  pounds:  the  package  and power supply weigh 
11.0 pounds  and the laser  dischrage tube/beryl l ium mirror  suppor  weigh 
only 3.0 pounds. The laser power supply  package  design  from  the tests 
and evaluations which were performed would appea r  t o  be  r eady  fo r  qua l i -  
f i c a t i o n   t e s t i n g .  
The laser power supply package design from the tests and evaluat ions 
which were per formed would ,appear  to  be  ready  for  qua l i f ica t ion  tes t ing .  
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SECTION V I  
SUMMARY AND RECOMMENDATIONS  FOR  FUTURE  INVESTIGATIONS 
Th i s  s ec t ion  con ta ins  a h i s t o r i c a l  summary of  the Space Qual i f ied He-Ne 
Lase r  Program, a d i s c u s s i o n  of r ecen t  advances  in  He-Ne l a s e r  d e s i g n  
and recommendations for a program to  upda te  the  SQL design.  
A. Summary 
Phase I - (June  1967 - February  1968) 
E a r l y  i n  1968  Hughes Aircraf t  comple ted  an  in i t ia l  des ign  phase  and 
presented a l a s e r  d e s i g n  t o  NASA-Electronic  Research  Center.  During 
this   phase  experiments  were   conducted   to   ver i fy   th i s   des ign .  These 
experiments were: 
1. Mi r ro r   eva lua t ion  
2 .  E x t e r n a l   m i r r o r   l a s e r  tests 
3 .  I n t e r n a l   m i r r o r   l a s e r  tes ts  
4 .  Bakeab le   mi r ro r   t e s t s  
5. Cathode l i f e  tes ts  
6. Prototype  metal   ceramic  discharge  tube  cpnstruct ion 
7. Prototype power supply   fabr ica t ion   and  tes t  
8. Protytype  laser /power  supply  integrated  package  fabr icat ion 
and tes t .  
This work i s  a l l  documented in  the  Space-Qual i f ied  Laser  Ora l  Presenta t ion  
Data '   presented  in   February 1968. A t  t h e  e n d  o f  t h i s  f i r s t  p h a s e  t h e r e -  
were seve ra l  a r eas  wh ich  r equ i r ed  add i t iona l  i nves t iga t ion ,  namely :  
1. Cathode  processing  and  geometry 
2. Mir ror   sea l ing   techniques  
3.  Long-term  mirror   coat ing  degradat ion 
4. Effect   of   high  temperature   bakeout  
5. Envi ronmenta l   es t ing  
6. Long-term  operation  of  metal-ceramic laser d ischarge   tubes .  
In te r im Per iod  - (Februarv  1968 - Julv 1968)  
Hughes con t inued  to  inves t iga t e  some of the above mentioned areas under 
a company-funded e f fo r t  a f t e r  t he  comple t ion  o f  Phase  I. L i f e t e s t s  were 
conducted to  determine i f  there  was any long-term degradation of i n t e r n a l  
mi r ro r s  and t o  e v a l u a t e  new cathode processing techniques and geometry. 
The metal-ceramic Space-Qualified Laser prototype was reworked and 
l i f e t e s t e d .  The results of   these  tes ts  a r e   r e p o r t e d   i n   S e c t i o n  I11 of 
t h i s  r e p o r t .  
Phase I1 - (July  1968 - January  1970) 
The per iod from July to  December 1968 was spent  modi fy ing  the  or ig ina l  
design  and  invest igat ing  var ious  problem  areas .  To b r i e f l y  summarize 
the or iginal  desi .gn descr ibed in  Reference 1, i t  c o n s i s t e d  of  a metal-  
ceramic  discharge  tube  with  internal   mirrors .  A l ong  r ad ius  ou tpu t  mi r ro r  
and Brewster's angle  prism were employed to   ach ieve  maximum TEM output  
i n  a minimum length  d ischarge .  The ou tpu t  mi r ro r  subs t r a t e  was made of 
Kovar s e a l i n g  g l a s s  a n d  s e a l e d  t o  a Kovar flange which was h e l i a r c e d  t o  
the  discharge  tube.  A p r i s m  made of  fused  quar tz  and  he ld  in te rna l ly  was 
used to  achieve a polar ized  output  and  a l so  suppress  the  3 .39  micron  
l i n e .  The d e s d h  u t i l i z e d  a s p l i t  d i s c h a r g e  column employing two anodes 
a d  a cold  cathode common to   bo th   d i scharge   co lumns .   This   fea ture  
reduced  the  requi red  opera t ion  vol tage  by one-half  and also allowed 
independent  opera t ion  of  e i ther  d i scharge  sec t ion  s ince  two sepa ra t e  
power s u p p l i e s  were  employed. 
00 
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The m a j o r  m o d i f i c a t i o n s  t o  t h i s  o r i g i n a l  d e s i g n  were: 
1. The add i t ion  o f  a g l a s s  ou tpu t  window with both the output  mirror  
and prism mounted internally. 
2. The a d d i t i o n  of a d i e l e c t r i c  s e p t u m  i n  t h e  common cold  cathode. 
During December 1968  and  January  1969  the f i r s t  d i s c h a r g e  t u b e ,  DT No. 1, 
was cons t ruc t ed  and  t e s t ed .  In i t i a l  p rob lems  were encountered  with  mirror  
coa t ings  which  c razed  apparent ly  due  to  the  35OoC bakeout. The m i r r o r s  
were rep laced  and  the  laser  was subjected to  both shock and vibrat ion tes ts  
with  no  problems. DT No. 1 was then  reworked  and  baked  out a t  325OC. 
I t  was t e s t e d  and  found t o  p e r f o r m  s a t i s f a c t o r i l y .  DT No. 1 was then 
packaged i n  an aluminum cyl inder  and tes ted with the complete  dual  
power supply. 
The second discharge tube,  DT No. 2, which yielded over 5 m i l l i w a t t s  
was packaged  during March and  April   1969.  During  evaluation  of DT No. 2 
a t empera tu re  in s t ab i l i t y  o f  t he  l a se r  cav i ty  caused  by the  change  of 
index  of  re f rac t ion  of  the  quar tz  Brewster's angle p r i s m  was discovered.  
Dur ing  th i s  same p e r i o d  u n s t a b l e  l a s e r  s t a r t i n g  c h a r a c t e r i s t i c s  were 
n o t e d  c o n s i s t i n g  o f  a l t e r n a t e  f i r i n g  o f  t h e  two s e c t i o n s  of the discharge.  
This problem became  more pronounced the longer the discharge tube was 
operated.  
It  was a t  t h i s  p o i n t  t h a t  Hughes reported the program s t a tus  t o  NASA - 
Elec t ronics  Research  Center  and requested a change in  scope of  the pro-  
gram  and an  unfunded  cont inua t ion  to  inves t iga te  these  problems.  
There were several questions which had remained unanswered a t  t he  end  o f  
Phase I which could be answered a t  t h i s  t i m e .  
1. The l a s e r  des ign . ,   i nc lud ing   mi r ro r   coa t ings ,   can   w i ths t and   a t  
l e a s t  a 325OC bakeout  and  per form sa t i s fac tor i ly .  
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2. The mi r ro r   coa t ings  were not  degraded by long  exposure (>5000 hours)  
to the vacuum-discharge environment.  
3 .  The long-term (>5000 hours)   opera t ion  of an  alumina  ceramic  bore 
laser  discharge tube had produced no bore erosion or  thermal  f ractur ing.  
4 .  The design  had  been  subjected  to some env i ronmen ta l   t e s t ing  
and could withstand shock, vibration and temperature cycling and s t i l l  
perform as  required.  
5 .  The laser power supply,   telemetry  and  package was e s s e n t i a l l y  
completely designed and tested and could be space-qual i f ied.  
The areas which had not been investigated or which posed problems were 
ma in ly   a s soc ia t ed   w i th   t he   l a se r .  They were: 
1. 
2 .  
3 .  
4 .  
5. 
6 .  
7. 
8. 
Detuning of  the laser  cavi ty  with temperature .  
Cause  of  the laser s t a r t i n g  i n s t a b i l i t y .  
Sput te r ing  of  the  tan ta lum ca thodes  in  the  dua l  ca thode  des ign .  
Discharge  tube  l i fe  in  v iew of  the  above  problem. 
Operation of t h e  l a s e r  i n  a vacuum. 
Output amplitude modulation caused by noise. 
Laser beam d r i f t .  
Alignment of the laser beam with the package reference.  
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Since the end of  May 1969,  the  e f for t  has  main ly  cons is ted  of  inves t i -  
g a t i o n s  i n  t h e s e  areas. The following  questions  have  been  answered. 
1. The temperature   instabi l i ty   problem  caused by the  prism  can  be 
so lved  by  rep lac ing  the  pr i sm wi th  a combinat ion of  an internal  Brewster 
window t o  select p o l a r i z a t i o n  and a f l a t  h i g h  r e f l e c t a n c e  m i r r o r .  T h i s  
design change solved the original problem but can introduce a 3.39 
micron   compet i t ion   e f fec t .  The competit ion  effect   can  be  solved,  however,  
by r e p l a c i n g  t h e  q u a r t z  Brewster window with one made of g l a s s  (BK-7 o r  
BSC-2) o r  b y  c a r e f u l  c o n t r o l  o f  m i r r o r  r e f l e c t i v i t y  a t  3 . 3 9  m i c r o n s .  
2 .  From an   ana lys i s   o f  DT No. 1 it was de t e rmined   t ha t   t he   s t a r t i ng  
i n s t a b i l i t y  p r o b l e m  i s  brought   on  by  cathode  sput ter ing.   This   sput ter ing 
occurs on only one  of  the two iden t i ca l   ca thodes .  A glass   d i scharge  
tube with an ident ical  dual  cathode design was cons t ruc ted  and  l i fe tes ted .  
I t  showed s i m i l a r  o p e r a t i n g  c h a r a c t e r i s t i c s  and f a i l e d  due to  gas  c leanup 
caused  by  sput te r ing .  This  sput te r ing  aga in  occurred  on only one  cathode. 
The reason why only one  cathode  sput ters  i s  no t  known. I t  could  be  the 
cathode  geometry,   the   dual   cathode  design,   the   cathode  processing 
( o x i d a t i o n ) ,  o r  p o s s i b l y  i t  i s  assoc ia ted  only  wi th  Ta 0 on Ta cold 
cathodes.  However, t h e   f a c t   t h a t  we have   run   success fu l   l i f e t e s t s   on  
s i n g l e  Ta cathode tubes would c e r t a i n l y  i n d i c a t e  t h e  l a t t e r  was no t  t he  
cause.  
2 5  
3.   During  the  past   year Hughes has  accumulated a grea t   dea l   o f   ex-  
per ience and l i f e t e s t  d a t a  on  aluminum - aluminum oxide cold cathodes.  
The only difference between A1 and Ta tha t  has  been  seen  is t h e  g r e a t e r  
c a t h o d e   f a l l  (= 130V) a s soc ia t ed   w i th   t he  Ta-Ta205 cathode. However, 
aluminum  had not   been   tes ted   in   the   double   ca thode   conf igura t ion .  I t  
had  been  tes ted  in  a s ingle-bore ,  meta l -ceramic  laser  and appears  to  be 
p e r f o r m i n g   s a t i s f a c t o r i l y   a f t e r  3500 hours.  Thus, a p o s s i b l e   s o l u t i o n  
to  the  spu t t e r ing  p rob lem encoun te red  in  the  dua l  ca thode  d i scha rge  tube  
could  be  the  use  of A 1  0 on A 1  cathode. 2 3  
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The laser des ign ,  t ha t  was used  for  DT No. 1 and No. 2 ,  was modified 
t o  i n c o r p o r a t e  a n  aluminum dual cathode and a g l a s s  i n t e r n a l  Brewster 
window-flat  mirror .  A laser of t h i s  m o d i f i e d  d e s i g n  w a s  f a b r i c a t e d  and 
t e s t e d .  The resul ts  o b t a i n e d  a f t e r  o v e r  1000 hours of continuous 
opera t ion   ind ica te   the   fo l lowing:  
a. The t e m p e r a t u r e   i n s t a b i l i t y  and 3 . 3 9  micron  competition  problems 
have been solved, 
b. The cathode  sputtering  problem  appears  to  have  been  solved;  however,  
several  thousand hours  of a d d i t i o n a l  o p e r a t i o n  a r e  r e q u i r e d  f o r  a b s o l u t e  
proof.  
To b r i e f l y  c o n c l u d e  t h i s  summary, i t  appea r s  t ha t  a l l  o f  t he  fundamen ta l  
problems associated with the dual  discharge SOL design have been solved. 
The poss ib le  except ion  i s  t h e  c a v i t y  s t a b i l i t y  r e q u i r e m e n t  imposed by  
the  use of the   long   rad ius   mir ror   conf igura t ion .  However, d u r i n g  t h i s  
program i t  has  been  e s t ab l i shed  tha t  ce r t a in  des ign  changes  shou ld  
be undertaken not  only to  update  the design but  a lso to  overcome some 
bas i c   des ign   de f i c i enc ie s .   These   t op ic s   a r e   d i scussed   i n   t he   fo l lowing  
recommendations. 
B. Recent   Per t inent  Advances i n  He-Ne Laser  Design 
During the past  year ,  Hughes E lec t ron  Dynamics Division has been engaged 
i n  a program to  deve lop  a 5 mW, 15 in .  long He-Ne l a s e r  f o r  use  i n  l a s e r  
recorders   and   scanners   in   h igh   per formance   a i rc raf t .   This   l aser   mus t  
be  compact  and l ightweight  and opera te  sa t i s fac tor i ly  under  envi ronmenta l  
c o n d i t i o n s   a s   s p e c i f i e d   i n  MIL-E-5400. Under th i s   p rogram  severa l  
s ign i f icant  des ign  changes  were proven out which have improved laser 
per formance  and  s impl i f ied  laser  cons t ruc t ion .  
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A key problem  area  recognized  at  .the  start of this  .program  was  the  problem 
of  temperature  detuning  of  the  laser.  The Space-Qualified.Laser cavity 
which  employs  a 2m mirror  and  a  flat  is  completely  misaligned  by  a  mirror 
tilt  of 80 microradians. A near-hemispherical  cavity  of the  same  length 
can withstand an order  of  magnitude greate'r misalignment  with  only  a 50%
decrease in output  power  and  lasing  does  not  cease  until  the  mirror  tilt 
exceeds 2 milliradians.  The  disadvantages of going  to  a  hemispherical 
cavity,  as  contrasted  to  a  long  radius  cavity,  is  the  smaller  resulting 
mode  volume  which  typically  produces  only  one  half  the-  output  power  of 
the  latter  in a  uniform-bore tube. 
The  important  design  change  which  has  been  adapted is  to  use a tapered  bore 
discharge  tube  such  that  the  bore  is  tailored  to  match  closely  the  mode 
shape.  This  greatly  increases  the  gain-mode  volume  product  (the  output 
power  is a  function  of  this  product)  over  that  which  can  be  achieved  with 
a  conventional  straight  bore-hemispherical  cavity  design.  To  illustrate  this 
point,  the  results of comparative  tests  of  four  different  12-inch  long 
glass  tubes,  each  with  the  bore  size  optimized  to  give  maximum TEM 
laser  output  for  the  particular  mirror  combination,  is  given  below: 
00 
Tube De sign TEMoo. Output Power 
A Uniform  bore,l ngradius  cavity 4.0 mW 
B Uniform  bore,hemispherical  cavity 2.0 mW 
C  3-Step tapered  bore,  hemispherical  cavity  3.0 mW
D  Continuous  tapered  bore,  h mispherical 4.0 mW 
cavity 
As may be seen  the  output  power  obtained  in  Case D is equal to  that 
obtained  in  Case A. Similar  data  has  been  recorded  in  a  15-inch  long 
tube,  and  under  as yet unoptimized  conditions  have  achieved  4.5  mW  from 
a 3- s t e p  bore  using a  hemispheric  cavity. 
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As well  as decreas ing  mir ror  de tuning  problems,  the  use  of  a hemispheric  
c a v i t y   g r e a t l y   s i m p l i f i e s   m i r r o r   a d j u s t m e n t   p r o b l e m s .  A s imple ,   ex t remely  
rugged aluminum mirror  support  s t ructure  has  been developed which does 
n o t  r e q u i r e  d i f f e r e n t i a l  screw adjustments  and cost  less than  one- ten th  
t h a t  of  t h e  p r e s e n t  s p a c e - q u a l i f i e d  l a s e r  b e r y l l i u m  s u p p o r t  s t r u c t u r e .  
The m i r r o r  s u p p o r t  s t r u c t u r e  a l s o  p r o v i d e s  a h e r m e t i c  s e a l  f o r  t h e  
laser head. 
Th i s  t ape red -bore  tube  des ign  has  been  t e s t ed  wh i l e  ope ra t ing  to  mos t  o f  
the environmental  requirements  imposed by MIL-E-5400 f o r  a i r b o r n e  e q u i p -  
ment. The tube   opera tes   over   the   range   of  - 5 4 O C  t o  74OC and 0 t o  
70,000 f t .  a l t i t u d e  w i t h  less than 30% power v a r i a t i o n .  Under 15 g shocks 
and 2.5 g peak-to-peak vibration from 70 t o  2000 Hz, no mirror misalignment 
occurs .  A photograph  showing  the  external   appearance  of   the  complete  
12-inch long by 2 114 inch diameter laser head and a l a b o r a t o r y  power 
supply  i s  shown i n  F i g u r e  V I - 1 .  
F igure  V I - 1  A i rbo rne   r eco rde r   l a se r   p ro to type   w i th  
l abora to ry  power supply.  
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A single  cathode,  single  bore,  metal  ceramic  He-Ne  laser  with  approximately 
I equivalent output performance characteristics to the dual discharge SOL 
1 
:I 
j 
has  also  been  designed,  fabricated  and  tested  by  Hughes EDD during the 
past  year.  This  was  part  company  funded  program  aimed  at  developing  a 
, rugged metal-ceramic laser for military-airborne applications. The 
laser  tube  parts  are shown in Figure VI-2 and  the  finished  laser  assembly 
in Figure VI-3. 
Figure VI-2 Tube  parts  for  single  bore,  single 
cathode  metal-ceramic  laser. 
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Figure  VI-3 Assembled s i n g l e   b o r e ,   s i n g l e   m e t a l -  
ceramic   l aser .  
Th i s  l a se r  des ign  employed  the  fused  qua r t z  i n t e rna l  Brewster window- 
f l a t  m i r r o r  c o n f i g u r a t i o n  p r e v i o u s l y  d e s c r i b e d  i n  S e c t i o n  V - A  and 
suffered  f rom  severe 3.39 micron  compet i t ion e f f e c t s .  However, i t  a l s o  
employed  an  aluminum  cold  cathode  and h a s  b e e n  i n  l i f e  tes t  f o r  o v e r  
3500 h o u r s  without  showing  any  signs  of  performance  degradation. T h i s  
d e s i g n ,  a l t h o u g h  d i f f e r e n t  i n  b a s i c  c o n c e p t ,  i s ,  as   can   been   seen   qu i te  
similar mechan ica l ly  to  the  SQL des ign .  
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C. Proposed  Development  Program 
Based on our experience gained from the Space-Qualified Laser Program 
and other tube development programs as discussed above, we propose a 
laser development program which would r e s u l t  i n  a s impl i f ied  meta l -  
ceramic laser des ign   tha t   can   be   successfu l ly   space-qual i f ied .   This  
program would involve design modif icat ions to  update  the present  Space-  
q u a l i f i e d  Laser. The major  changes would  be: (1) adopt ion of a s i n g l e  
cathode  design,  (2)  use  of a tapered  or  mul t ip le  s tepped  bore ,  ( 3 )  use  of 
a hemispher ica l  cav i ty ,  ( 4 )  i nco rpora t ion  of a s impler  cavi ty  des ign .  
Although this approach does not have the dual bore advantages of the 
present  Space-Qualified  Laser  design i t  does  have  the  following: 
1. Smal le r ,   l igh ter ,   s impler ,   cheaper  power supply  with  the power 
losses  of  on ly  one  cathode f a l l ,  b a l l a s t  r e s i s t o r  and conve r t e r .  
2. 
3 .  
4 .  
5 .  
6 .  
Considerably  longer  opera t ing  l i fe  ( see  Appendix D ) .  
S impler  discharge tube construct ion.  
I n c r e a s e d  c a v i t y  s t a b i l i t y .  
S i m p l e r  mi r ro r  suppor t  s t ruc tu re .  
In  conjunct ion with I tem 4 i t  should be poss ib le  to  use  an  
unpressurized,packags,  therkby reducing package complexity and weight.  
The scope  of  the  proposed  program would  be t o  des ign ,  bu i ld  and tes t  
several  such metal-ceramic discharge tubes with mirror  support  systems.  
The technology requi red  for  power suppl ies ,  t e lemet ry  and  packaging i s  
considered to  be advanced enough from the present program that additional 
work is n o t  r e q u i r e d  a t  t h i s  t i m e .  This  program would b r ing  the  bas i c  
l a s e r  t o  a f u l l y  d e s i g n e d  s t a t u s .  O n l y  a f t e r  t h i s  f i r s t  program,  that 
is ,  a f t e r  it has  been  demonst ra ted  tha t  the  cy l indr ica l  laser head 
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performs  satisfactorily,  would  a  program to fully  qualify  the  entire  laser 
system be warranted. 
Specific  tasks  which  we  feel  would  be  appropriate to  this  program 
would  be: 
1. Modify  laser  to  a  single  cathode  metal-ceramic  design. 
2. Construct  four  metal-ceramic  laser  discharge  tubes. 
3 .  Process,  test and burn-in lasers. 
4 .  Lifetest  two  A1  cathode  metal-ceramic  discharge  tubes. 
5. Thoroughly  measure  and  document  optical  performance  of  the  laser. 
6 .  Perform  environmental  tests  (shock,  vibration,  temperature  cycling 
and vacuum operation).. 
7. Define  power  supply,  telemetry,  and  package  design,  and  provide 
manufacturing  cost  data. 
After  successful  demonstration to NASA  of  a  practical  laserhead  assembly 
which  satisfied  performance  and  environmental  requirements,  a  second 
phase  would  logically  follow  to  implement  the  simplified  power  supply 
and  telemetry  design  and  reconfigure  the  housing. (It is  anticipated 
that  the  housing  need  not  be  sealed,  and  that  the  total  laser  weight 
can be  reduced to- less  than 10 lbs.) Several  complete  lasers  could  be 
fabricated  and  these  units  delivered  for  test  by  NASA  or  provided  to 
prospective  system  users.  The  exact  scope  of  this  phase  should  logically 
be  guided  by  the  anticipated  use  of  the  laser. 
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APPENDIX  A 
N E W  TECHNOLOGY 
After a diligent  review  of the work performed  under  this contract, 
new  innovation,  discovery,  improvement or invention  was made. 
no 
I 
77 

APPENDIX B 
SPECIFICATIONS FOR  SPACE  QUALIFIED  LASER (He-Ne) J .  PHASE I1 
GENERAL 
The work under Space Qualified Laser (He-Ne) , Phase I1 i s  in t ended  to  
i n i t i a t e  and carry to completion development work on' a laser des ign  
r e p o r t e d  i n  Hughes  "Design f o r  a Space Qual i f ied Laser - Oral Presenta-  
t i o n  Data" (SQLOP) of  February  1968. 
The laser d e s i g n a t i o n  s h a l l  b e  Model 3072H He-Ne Laser. 
The Model 3072H He-Ne Laser i s  to  be  of  meta l -ceramic  cons t ruc t ion  
mounted i n t e g r a l l y  w i t h  t h e  s o l i d  s t a t e  power supply.  Cooling i s  t o  
be accomplished by conduct ion  to  a hea t  s ink  through one  sur face  of  
the  package. The o p t i c a l  o u t p u t  is  to   be   accu ra t e ly   r e f e renced   t o  one 
edge  of  the  package  to  provide  alignment  during  installation. The laser 
is t o  u s e  a co ld   ca thode   and   in te rna l   mir rors .  Two s e p a r a t e  power s u p p l i e s  
and laser  d i scharge  s t ruc tures  a re  to  be  provided  for  redundancy  and  to  
a l l o w  o p e r a t i o n  a t  a p p r o x i m a t e l y  o n e - t h i r d  power output  upon command. 
Seven  ac t ive  te lemet ry  outputs  and  the i r  assoc ia ted  t randucers  a re  to  
be  provided. 
The development work w i l l  conform t o  t h e  SQLOP des ign  unless  o therwise  
noted  herein.  No changes  or   deviat ions  of   any  s ignif icance are t o  b e  
made wi thout   p r ior   approval   o f   the   cont rac t   t echnica l   moni tor .  It  is  
t h e  d e s i r e  of NASA/ERC that  problem areas  be promptly brought  to  i t s  
a t t e n t i o n  i n  o r d e r  t o  f u l l y  u t i l i z e  t h e  combined resources  of  the  two 
o rgan iza t ions  in  p rob lem so lu t ions .  
MIL S p e c  E l e c t r o n i c  o r  e q u i v a l e n t  p a r t s  a r e  t o  b e  u s e d  i n  t h i s  p h a s e  
with the except ion of  magnet ics .  
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The funds provided for documentation purposes are intended mainly to  
s u p p o r t  d i r e c t  laser and power supply   ex igencies .  The major   port ion 
ce r t a in ly  shou ld  go f o r  P r o c e s s  S p e c i f i c a t i o n ,  P r o c e s s  I n s t r u c t i o n ,  
and Assembly Ins t ruc t ion  documenta t ion .  
The l a s e r  p lasma tubes  bui l t  in  th i s  phase  sha l l  be  assembled  in  a 
Class  100,000 c l e a n  room as d e f i n e d  i n  NASA and MIL Specs.  
The par t s  and mater ia ls  used w i l l  conform t o  t h e  l i s t  below unless 
during the development  phase other  components  are  found to  be more 
r e l i a b l e   o r   t o   p r o v i d e  a s i m p l e r ,  be t t e r   ove ra l l   l a se r   package .  NASA 
concurrence of such changes must be obtained from the contract  technical 
monitor. 
High Alumina Ceramic Bore 
S t a i n l e s s  Steel  327 ,   302 ,  and 304  
Kovar 
Vacuum Melted Iron 
OFHC Copper 
Tantalum 
Beryllium 
Nickel Grade A 
Tantal loy 
Fused Quartz 
Gold-Copper Braze Alloy 
Corning 7052 Glass 
Aluminum 
Dow Chemical  Sylgard 185 (Po t t ing  Mate r i a l )  
Barium Getter 
Helium Gas 
Neon Gas 
Space Qual i f ied Black Paint  
E l e c t r i c a l  Components 
The d e s i r e d  r e l i a b i l i t y  f o r  t h e  s p e c i f i e d  t h r e e  y e a r  l a s e r  l i f e  s h a l l  
be 85% or  g rea t e r ,  a l t hough  r ecogn iz ing  tha t  MIL Spec .  par t s  are used 
i n  t h i s  p h a s e  f o r  r e a s o n s  o f  economy. The 85% f i g u r e  i s  a p ro jec t ed  
one f o r  a later phase when the combination of a fu l ly  proven  laser  head  
is i n t e g r a t e d  w i t h  a power supply  incorpora t ing  h igh  reli 
The design and select ion of  components  shal l  be governed 
ment. A r e c a l c u l a t i o n  o f  t h e  e x p e c t e d  r e l i a b i l i t y  s h a l l  
In t e r im  Sc ien t i f i c  Repor t  and  aga in  fo r  t he  f ina l  Des ign  
a b i l i t y  par ts .  
by t h i s  r e q u i r e -  
be made f o r  t h e  
Revew . 
The p rov i s ions  of NASA Contract  NAS 12-579 mod i f i ca t ion  document  of 
February 19, 1968, submitted by L .  J .  Smith  of Hughes s h a l l  a p p l y  to  
th i s  phase  except  as  no ted  here in .  
The c o n t r a c t o r  s h a l l  exercise adequate Quality Assurance requirements 
and  main ta in  Qual i ty  Cont ro l  to  the  degree  requi red  for  th i s  deve lop-  
ment  program. Par ts ,  mater ia l s   and   assembl ies   sha l l   rece ive   adequate  
inspec t ion   and  tes t .  For   the   fo l low-on  cont rac t   qua l i f ica t ion   phase  
the  cont rac tor ' s  se lec ted  procurement  sources  should  be  ab le  t o  comply 
with appl icable  requirements  on NPC-200-2-3 and  the  cont rac tor  and h i s  
s u p p l i e r s  are subjec t  to  eva lua t ion ,  rev iew,  and  inspec t ion  by NASA/ERC 
o r  i t s  des igna ted  r ep resen ta t ives  to  de t e rmine  tha t :  
a .  The Quality  Assurance  and  Control  continuously meets c o n t r a c t u a l  
requirements.  
b.. Articles, ma te r i a l s ,   and   r e l a t ed  services s a t i s f y   c o n t r a c t u a l  
r equ i r emen t s  and  a re  o f  s a t i s f ac to ry  qua l i t y  to  meet the intended 
design.  
A sys t em sha l l  be inco rpora t ed  to  ensu re  con t ro l  o f  documen t s  a f f ec t ing  
the  des ign ,  r e l i ab i l i t y ,  and  ove ra l l  qua l i t y  and  fo r  t he  inco rpora t ion  
of  changes  in  such  documents.  These  documents  include  engineering draw- 
ings ,  spec i f ica t ions  and  procedures ,  QA and test cont ro l ,  and  similar 
documents. 
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OPTO-ELECTRICAL S PEXIFICATIONS 
1. To o p e r a t e   a t  6328 61 with He-Ne. 
2 .  To o p e r a t e   i n  a s i n g l e   t r a n s v e r s e  mode, TEN TEM 
OOq ooq + j '  
3 .  To ope ra t e  a t  a n   i n i t i a l   o u t p u t  power level n o t   l e s s   t h a n   f i v e   ( 5 )  
mill iwatts,  Cw. Measurement po in t   t o   be   ou t s ide   o f  laser package. 
4 .  The o p e r a t i n g / s h e l f   l i f e   s h a l l   b e   t h r e e  (3 )  y e a r s   a s  a des ign  
o b j e c t i v e ,  t h e  o p e r a t i n g  p o r t i o n  o f  w h i c h  s h a l l  b e  n o t  less than 
10,000 hours.  The  output power shal l  not  drop below 3 mW a t  
7000 hours operating t ime and 2 mW a t  10,000 hours operating 
time. These   va lues   sha l l  be a t t a i n e d  f o r  any  combination of 
ope ra t ing / she l f  times. 
5. To ope ra t e  a p o l a r i z e d   o u t p u t ,   l i n e a r   t o   o n e   p a r t   i n  1000. The 
p l a n e  o f  p o l a r i z a t i o n  s h a l l  b e  s p e c i f i e d  t o  w i t h i n  o n e  ( 1 )  d e g r e e .  
6 .  To ope ra t e   w i th  a beam d iame te r   no t   g rea t e r   t han  two (2) m i l l i -  
meters as measured t o  t h e  l / e  po in t s ,  a t  a l o c a t i o n  2" from 2 
the  ou tpu t  ape r tu re .  The beam s h a l l  b e  e s s e n t i a l l y  pc;L.allel a t  
t h i s   l o c a t i o n .  
7. To o p e r a t e   w i t h  a beam d i v e r g e n c e   c o n s i s t e n t   w i t h   t h e   d i f f r a c t i o n  
l i m i t  f o r  gauss i an  o r  mod i f i ed  gauss i an  beams o f  t he  se l ec t ed  
beam diameter.  The beam is  t o  be round. 
9. To opera te   wi thout   l iqu id   cool ing .  
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10. 
11. 
12. 
13. 
To ope ra t e  wi th in  a l i g h t - t i g h t  e n c l o s u r e  e x c e p t  f o r  a n  e x i t  
window. Spontaneous  radiation  from laser t o  be minimized (by 
a p e r t u r e s ,  window c o a t i n g ,  e t c . ) .  
To operate  normally in  space vacuum envi ronments  a f te r  rocke t  
launch. 
To ope ra t e  wi th  a minimum angular  devia t ion  of  the  beam a x i s  a s  
a funct ion  of   temperature ,  time, veh ic l e  sp in ,  l a se r  age ,  magne t i c  
f i e l d s ,  etc.  A single   mission  deviat ion  of  less than two (2 )  
arc-seconds i s  des i r ed .  
To opera te  wi th  a minimum of discharge and mode n o i s e  i n  t h e  
ou tpu t  r ad ia t ion .  An rms no i se  l eve l  o f  1% peak-to-peak  and 5 mW 
as  measured in  a 0 - 3 MHz frequency range with a 1 KC bandwidth 
i s  p rov i s iona l ly  accep tab le .  
PHYSICAL  SPECIFICATIONS 
1. The l a s e r ,  i t s  power supply,   the power monitor,   the  telemetry 
t r a n s d u c e r ,  e t c .  , w i l l  a l l  b e  i n t e g r a t e d  i n t o  a s ing le  me ta l -  
body case  or  package.  This  package  shall  be  approximately 16" 
x 5" x 5" in  dimensions,  exclusive of any necessary protuberat ion 
for   input /output   connec t ions .  The c a s e   s h a l l   b e   p r e s s u r i z e d   a t  
approximately one (1) atmosphere  with  dry He gas. The center   o f  
g r a v i t y  (C of G) s h a l l  be as low a s  p o s s i b l e ,  and i t s  l o c a t i o n  
sha l l   be   app rox ima te ly   spec i f i ed  on a sui table   drawing.  The 
t o t a l  t a r g e t  w e i g h t  w i l l  be  ten (10) pounds. 
2 .  The l a s e r   o u t p u t  beam w i l l  be p a r a l l e l   t o   w i t h i n   t e n   ( 1 0 )   s e c o n d s  
of the  nearest  long edge of  the case and w i l l  be some predetermined 
dis tance from i t  t o  w i t h i n  0.002" i n  b o t h  X and Y axes.  
3 .  The c a s e  i s  in tended   to  mount t o  a f l a t  h e a t  s i n k  o n  o n e  16" X 5" 
su r face ,  and means f o r   a c c o m p l i s h i n g   t h i s  w i l l  be  provided.  This 
s u r f a c e  must a l low fo r  me ta l - to -me ta l  con tac t .  A l l  o ther  major  
sur faces  should  be made black by pa in t ing  o r  anod iz ing .  
4 .  A set  of   three ( 3 )  o r   f o u r  ( 4 )  t apered   ho les  i s  t o  be  provided 
and disposed symmetrically about the laser beam a x i s  on the 5" X 
5" end p la te ,  for  mounting auxi l iary opt ical  equipment  as  needed.  
A s t anda rd  d i ame te r  and  t ap  s i ze  sha l l  be  used  i f  a s t a n d a r d  e x i s t s ;  
o therwise  the  base  c i rc le  d iameter  can  be  2 . 5 " .  
5 .  The case cove r   sha l l   be   s ea l ed  by "0" r ings  or   other   semi-permanent  
means. The s e a l i n g  method  must  be  compatible  with  the  l ifetime 
requirements.  
6 .  The mater ia ls   used  must  be compatible   with NASA requi rements   for  
Manned and Unmanned s p a c e  f l i g h t s .  
INPUT-OUTPUT  SPECIFICATIONS 
1. The l a s e r  w i l l  opera te   normal ly   for   supply   vo l tages   in   the   range  
of 2 4  - 32 VDC and over a base plate  temperature  range of  -10 C + 
50 C i n  any com3ination. 
0 
0 
2 .  The  power d r a i n  w i l l  not  exceed 33 W f o r  a n y  c o n d i t i o n  of  tempera- 
t u r e ,  laser age, etc.  
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Both "semi-lasers" are t o  b e  s i m u l t a n e o u s l y  o r  s e q u e n t i a l  s t a r t -  
a b l e .  
;i i 4. The c u r r e n t   d r a i n   i n   t h e   l a s e r  "OFF" s i t u a t i o n  is  t o   b e  less than 
t ,  
5 m4, exc lus ive  of t he  t e l eme t ry  d ra in .  
5. The power supply   des ign ,   insofar   as   poss ib le ,   mus t   p rovide   aga ins t  
c a t a s t r o p h i c  b u s  d r a i n  d u e  t o  f a i l u r e  of any  component. 
6. A t o t a l   o f   n ine   t e l eme t ry   ou tpu t s   sha l l   be   p rov ided   fo r ;   t hese  
a re  the  seven  (7) l i s t e d  on  page 95 of SQLOP and two ( 2 )  spa re  
p o s i t i o n s .  The in t e r f ace   connec to r s   t o   t he   ca se   ex te r io r  w i l l  
conform t o  NASA telemetry usage. 
APPLICABLE  DOCUMENTS 
The fo l lowing  documents  of  the  rev is ion  in  e f fec t  on  the  da te  of  i s sue  
o f  t h i s  e x h i b i t  are app l i ca lbe   t o   t he   ex t en t   spec i f i ed   he re in .   Shou ld  
conf l ic t ing  requi rements  ex is t ,  t he  r equ i r emen t s  l i s t ed  in  o the r  pa ra -  
g raphs  in  Exh ib i t  A and  Exhibi t  B sha l l   govern .  Documents l i s t e d  h e r e  
bu t  no t  spec i f i ed  e l sewhere  sha l l  be  used  fo r  i n fo rma t ion  on ly  in  p ro -  
gram planning and documentation. 
1. MIL-STD-810 - Environmental Test Methods for  Aerospace  and 
Ground Equipment. 
2 .  MIL-1-6181 - Electromagnet ic   Interference  Requirements   and Test 
Leve 1s . 
3 .  NPC-200-4 - NASA Requirements   for   Solder ing of E l e c t r i c a l  Connec- 
t ions.  
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4. 
5.  
6. 
7. 
8. 
9. 
10. 
MIL-STD-785 - Requi rements  for  Rel iab i l i ty  Programs.  
NPC-200-3 - Inspec t ion  Sys tem Provis ions .  
MIL-W-5008 - Wiring. 
MIL-STD-202 - Tes t  Methods f o r  E l e c t r o n i c  a n d  E l e c t r i c a l  Components. 
MIL-STD-781 - R e l i a b i l i t y  Test and Exponeutral  Distr ibut ion.  
MIL Handbook-217A - Rel i ab i l i t y  S t r e s s  and  F : t i l u re  Rate Data f o r  
Electronic Equipment.  
NASA-RA-006-013-1A - Procedure  for  Fa i lure  Mode, Effect ,  and 
C r i t i c a l i t y  A n a l y s i s .  
ENVIRONMENTAL SPECIFICATIONS 
For  the  purposes  of  testing  any  assembly, p a r t ,  subs t ruc tu re  o r  comple t e  
package  the  fo l lowing  envi ronmenta l  condi t ions  sha l l  p reva i l .  ' When a 
sequence  of tes ts  i s  to  be performed,  the order ing of  page 94 of SQLOP 
sha l l  be  used .  The G r a p  I t e s t s  w i l l  be  performed  as  developmental 
tes ts .  A l l  tes ts  w i l l  not  necessarily  be  performed  on  the same u n i t .  
Group 1 
1. S inuso ida l   V ib ra t ion :  A s  on page  96  of SQLOP excep t   ha t ,  when- 
e v e r  p o s s i b l e  t h e  l a s e r  s h a l l  b e  e n e r g i z e d  t o  a i d  i n  d e t e r m i n a t i o n  
of  any  fa i lure  poin t  as evidenced by loss o f  r a d i a t i o n .  
2. Random Vib ra t ion :  A s  on  page  96 of SQLOP with same q u a l i f i c a t i o n  
as above. 
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3. Shock:  As on page 96 of SQLOP. 
4. Temperature  Cycling: As on page 96 of  SQLOP. 
5. Acceleration: As on  page 96 of SQL0.P. 
6. Thermal-Vacuum: As on page 97, item 6.2 of SQLOP except  that  lower 
temperature  shall  be  -1OOC. 
It  is  expected  that  the  laser  package will have  been  exposed  to  and  can 
fully  meet  these  (Group 1) environmental  specifications  at he  end of 
Phase 11 work. 
Group  2 
1. Acoustical  Noise:  Per  the  profile  outlined  below  113  octave  band 
acoustical specification PC 2 X Dynes/cm2. Test duration - 
three  minutes  minimum. 
1/3  Octave  Band 
Geom. Mean Freq.  (cps) 
5.0 
6.3 
10.0 
25.0 
40 - 60 
100 
160 
200 
250 
500 
1000 
1600 
dB  Level 
138.5 
140.0 
142.5 
146.0 
146.0 
143.0 
-136.0 
132.5 
130 
12  1 
112 
105.5 
2000 
3 150 
4000 
5000 
6300 
8000 
10000 
Overall  156.5 + 4 dB 
- 0 dB 
102.5 
95.5 
92.0 
89.0 
85.0 
81.0 
78.0 
113 octave band  sound p r e s s u r e  l e v e l s  + 4 dB 
- 0 dB 
2 .  Humidity: Ten days  of  accelerated  humidi ty .  
3.  Oxygen Atmosphere: The equipment   shal l   be   capable   of   operat ing 
i n  a pure oxygen atmosphere a t  5 p s i a  p re s su re .  
4 .  Explosive  Atmosphere Test:  P e r  MIL-STD-810A. 
5.   Electromagnet ic   Compatibi l i ty:   In   accordance  with MIL-1-6181. 
These Group 2 tes ts  sha l l  be  r ega rded  a s  des ign  ob jec t ives ,  t o  t he  end  
tha t  t he  l a se r  package  may u l t i m a t e l y  b e  s u b j e c t e d  t o  a n y  o r  a l l  o f  t h e s e .  
The c o n t r a c t o r  i s  r e q u i r e d  t o  become f a m i l i a r  w i t h  t h e s e  tes ts  and  pro- 
v i d e  a t  t h e  c o n t r a c t  o r a l  r e i v e w  h i s  b e s t  estimate of  the  laser  package  
performance  thereunder. 
APPENDIX C 
THE TEMPERATURE  MISALIGNMENT  PROBLEM OF A 
BREWSTER'S ANGLE  PRISM 
The fol lowing i s  a d e r i v a t i o n  of the  to ta l  angular  misa l ignment  
an incoming ray would s u f f e r  d u e  t o  a change in  the  index  of r e f r a c t i o n  
of   the  fused  quartz   pr ism  with  temperature .  The change  in   the  angle ,  0 ,  
see Figure C-1, due t o  a change in the index, n,  i s  given by 
The minus sign i s  introduced because the incoming ray i s  r e f l ec t ed  by  
the  mirrored  back  surface.  When a s imi l a r  expres s ion  i s  w r i t t e n  f o r  a 
r ay  t r ave l ing  th rough  a Brewster's angle  window, b o t h  p a r t i a l  d e r i v a t i v e s  
would have  the same s ign .   Us ing   Sne l l ' s  Law we have 
@ = s i n  -1 s i n  0 n 
and 
a @  - s i n  0 
a n  - 2 
"
1 
n CZ- s i n  2 0 
n 
Again f o r   S n e l l '  s Law 
8 = s i n  n s i n  8 
ae n cos 8 
-1 
x= d m  
and 
a @  s i n  @ 
a n  
-=  
(1 - n2 s i n *  8 
Comb i n   i n g  
S impl i fy ing  us ing  Snel l ' s  Equat ion  
- =  de  2 t a n  8 
dn n 
Now to  inc lude  the  change  in  n due to  a change in  tempera ture ,  we have 
From Corn ing ' s  pub l i shed  op t i ca l  p rope r t i e s  fo r  7940 fused quartz ,  
(attached) from which the p r i s m  i s  made, we have 
" 
a n  a T  - f 1.38 X 10 / C -5 0 
and 
n = 1.4567 
so 
A0 = 2 t a n  8 1.4567 (1 .38  X AT 
Thus, A8 i s  2 7  microradians  per  degree  cent igrade  us ing  55 0 f o r  0. I t  
should be noted that  an angular  change of  the pr ism of  only half  this  
value i s  requi red  for  rea l ignment .  
Figure C-1 Rrewster's Angle Prism 
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APPENDIX D 
A COMPARISON  OF THE PREDICTED  LIFETIME  FOR A SINGLE 
VERSUS A DUAZ, COLD CATHODE LASER 
Consider  the  following  argument; laser discharge tube A and laser 
discharge  tube B are i d n e t i c a l ,  i . e .  they had the  same i n i t i a l  g a s  
pressure ,  the  same cold  ca thode  mater ia l ,  the  same volume  and t h e r e f o r e  
should have the same l i f e t ime  ( say  z 5,000 hours) i s  they were both 
operated  under  the same cond i t ions .  Now i f   l a se r   d i scha rge   t ube  A and 
laser  d i scharge  tube  B had been connected together by a s m a l l  c a p i l l a r y  
of  negl ig ib le  volume  and opera ted  under  the  ident ica l  condi t ions  the  
l i fe t ime  of   each  would  be unaffected.  Assuming this   argdment   to   be 
v a l i d  we can.  then make the  fol lowing  s ta tement:   the   present  SQL dua l  
cathode s p l i t  discharge  tube would  have the same l i f e t i m e  a s  e i t h e r  of 
i t s  two s i d e s  i f  s e p a r a t e d  a t  t h e  d i e l e c t r i c  s e p t u m  s e e  F i g u r e  11-1 
and opera ted  under  ident ica l  condi t ions .  
However, i f  t h e  volume of discharge tube B were  added to  discharge tube A 
and th i s  conf igu ra t ion  ope ra t ed  unde r  cond i t ions  iden t i ca l  t o  those  
p rev ious ly  desc r ibed  the  p red ic t ed  l i f e t ime  would be considerably longer.  
Such  would  be the  case  fo r  s ing le  ca thode  l a se r  w i th  equ iva len t  ou tpu t  
c h a r a c t e r i s t i c s  a s  t h e  d u a l  c a t h o d e  SQL. 
Why does  the  d ischarge  tube  wi th  the  s ing le  co ld  ca thode  opera t ing  
under  ident ica l  condi t ions  in  twice  the  volume  have considerably longer  
l i fe t ime  than   the  same ca thode   opera t ing   in   the   smal le r   vo lume?  S ta r t ing  
wi th  the  bas i c  f ac t  t ha t  t he  ma jo r  cause  o f  f a i lu re  in  co ld  ca thode  
He-Ne lasers i s  gas  c leanup caused  by  sput te r ing  of  the  ca thode  mater ia l ,  
( l i t t l e  i f  any  spu t t e r ing  occur r s  i n  the  bo re ) ,  t he  fo l lowing  r easons  
a re  g iven:  
1. The s p u t t e r i n g   y i e l d   f o r   i d e n t i c a l   c a t h o d e  would  be  independent  of 
gas volume. 
2. However, t h e   s p u t t e r i n g   r a t e  i s  a s t rong   func t ion   of   gas   p ressure ;  
t he  lower  the  p re s su re  the  g rea t e r  t he  spu t t e r ing  r a t e .  
3. Therefore   the  gas  pressure would remain  higher much longer   for   the  
ca thode  opera t ing  in  twice the  volume  and t h e  s p u t t e r i n g  y i e l d  a s  a 
funct ion of  t i m e  would be less. 
Although, i t  is  n o t  p o s s i b l e  t o  p r e d i c t  t h e  i n c r e a s e  i n  l i f e t i m e  f o r  a 
s ing le  ca thode  laser  wi th  equiva len t  per formance  to  the  dua l  ca thode  
SQL, i t  i s  s u f f i c i e n t  t o  s a y  t h a t  i t  could  possibly be b e t t e r  by a t  
l e a s t  a f a c t o r  of two. 
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